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696. Pyrylium Salts obtained by Diacylation of Olefins. Part II. 
The Two Pyrylium Salts formed in Diacetylation of 2-Methylbut-2-ene.? 


By A. T. BALABAN and C. D. NENITZEscU. 


Depending on the catalyst employed, Friedel-Crafts diacetylation of 
2-methylbut-2-ene yields 2,3,4,6-tetramethyl- and/or 4-ethyl-2,6-dimethy]l- 
pyrylium salts. The mechanism and implications of this hitherto unen- 
countered phenomenon are discussed. 


It was reported in Part I! that Friedel-Crafts acylation of olefins yields pyrylium salts, 
besides unsaturated ketones and $-halogeno-ketones. On acylation of methyl and phenyl 
derivatives of propene with acid chlorides and aluminium, ferric, or stannic chloride, 
treatment of the aqueous layer formed by hydrolysis of the reaction mixture afforded 
crystalline pyrylium perchlorates. In extending this reaction to other catalysts it has 
now been found that suitable conditions for preparing 2,4,6-trimethylpyrylium perchlorate 
are to treat t-butyl alcohol with a mixture of acetic anhydride and perchloric acid. This 
compound was previously isolated by Diels and Alder * by the action of similar mixtures 
on mesityl oxide. Mixtures of acetic anhydride and perchloric acid have been extensively 
studied by Burton and Praill® for various acetylations, and Praill and Whitear 5 recently 
observed the formation of pyrylium salts by the action of such mixtures on olefins or 
tertiary alcohols. 

When this reaction was extended to 2-methylbut-2-ene and aluminium chloride, only 
one of the two possible pyrylium perchlorates was obtained, namely the 4-ethyl-2,6- 
dimethylpyrylium salt (III). In the presence of stannic chloride the 2,3,4,6-tetramethyl 
isomer (V) was formed, but its perchlorate does not crystallise from water. 


Et Me 
' ¢ ikegmas | (IT) 
(1) 
Me~ “CH, —— ss Me-HC# Me 
Et Et . Me 7 Me 
S YQ C104 Mero S X Me~ S 
| <— | | — | 
Me 2Me. Me\, +7Me Me\_ +2Me Me Z7Me 
N O .@) N 
(LV (I11) (¥}. * (V1) 


In order to gather more insight into this interesting dependence of the product on 
the catalyst employed, we studied the bisacetylation of 2-methylbut-2-ene in the presence 
of various Friedel-Crafts catalysts, as shown in Table 1. 


Me Me Me 
Mes OH™ Me Me 
| —_—— > + 
Me é7 Me -H20 Me OH HO Me 
(V) (VII) (VII1) 


The products were isolated either as pyrylium salts for qualitative estimation 
(reineckates, chloroferrates, or chloroantimonates, which are less soluble than the per- 
chlorates), or as pyridines, after treatment of the crude reaction mixture with ammonia. 


1 The paper by Balaban and Nenitzescu, Annalen, 1959, 625, 74, is considered to be Part I. 

2 Preliminary communication, Balaban and Nenitzescu, Tetrahedron Letters, 1960, No. 2, 7. 

3’ Nenitzescu and Balaban, Org. Synth., submitted for publication on July 18th, 1959. 

4 Diels and Alder, Ber., 1927, 60, 716. 

5 Burton and Munday, /., 1957, 1718, 1727, and previous papers in the series; Burton and Praill, 
Quart. Rev., 1952, 6, 302; Praill, Chem. and Ind., 1959, 1123; Praill and Whitear, Proc. Chem. Soc., 
1959, 312. 
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The pyridines were subsequently either converted into solid derivatives for qualitative 
estimation, or quantitatively analysed through infrared spectrophotometry, or gas 
chromatography. 

The structures of the two pyrylium salts formed were proved as follows: 4-ethyl-2,6- 
dimethylpyrylium salts (e.g., III) were converted by hot alkali into 3-ethyl-5-methylphenol ! 


TABLE 1. Diacetylation of 2-methyl-2-butene (analysis of pyridines was by 
gas chromatography). 


Rel. props. of 


Acyl Time Yield pyridines 
No. Olefin deriv. Catalyst Solvent Temp.* (hr.) (%) Me, Et,Me, 
1 CMe,EtCl AcCl AICI, —? 20° 25 46 0 100 
2 C,H, ai Pe —> 20 25 43 0 100 
3 CMe,EtCl oe i CS, ¢ 20 25 49 0 100 
4 ¥ ~ a MeNO, ? 20 25 35 0 100 
5 , - SbCl, : 15 4 31 0 100 
6 o os es 4 15 4 26 0 100 
7 os me FeCl, -> 20 25 30 45 55 
8 a in TiC), -b 30 25 25 50 50 
9 ¥ ve SnCl, -* 30 25 36 15 85 
10 - a - —J 30 25 8 72 28 
11 - - SnCl,,H,O —b9 70 5 0 — — 
12 - + ZnCl, —h 20 25 28 68 32 
13 CMe,Et-OH Ac,O _,, —h 20 25 40 35 65 
14 - ia BF,,Et,O —A 30 25 40 81 19 
15 C,Hi, ie * —4 30 25 34 58 42 
me Gs AcCl NaClo, Ac,O* 60 20 25 79 21 
—_ AcCl - Ac,O-AcOH * 60 3 11 85 15 
18 CMe,EtOH Ac,O0 70% HClO, —h 100 5 60 79 21 
19 a e H,SO, —A 100 5 33 81 19 


« The maximum temperature reached during the reaction (during addition of reagents the temper- 
ature was usually kept below 10° by cooling). ° The mixture was treated with water, then with excess 
of aqueous ammonia, and the pyridines were isolated by steam-distillation. ‘* The lower layer was 
decomposed with ice and hydrochloric acid, treated with excess of ammonia, and steam-distilled. 
4 The mixture was hydrolysed with water and hydrochloric acid, and the nitromethane was steam- 
distilled. Ammonia was then added, and the pyridine was isolated by steam-distillation. ¢ The 
crude crystalline pyrylium chloroantimonate was filtered off, then treated with ammonia and steam- 
distilled. / The mixture was hydrolysed with ice and hydrochloric acid, and ethanol was added. 
A crystalline chlorostannate was slowly deposited; after 3 days it was filtered off, treated with 
ammonia, and steam-distilled. % As described by Jenny (Compt. rend., 1958, 246, 3477; 1959, 248, 
3555; cf. Bonnot and Jenny, ibid., 1960, 250, 1854). * The same procedure as for b, but with 
extraction with ether. ‘ As described by Mathur, Sharma, Venkataraman, and Krishnamurty (/. 
Amer. Chem. Soc., 1957, 79, 3582), 100% acetic acid being used. 


and by ammonia into 4-ethyl-2,6-dimethylpyridine (IV); 2,3,4,6-tetramethylpyrylium 
salts (V) were converted into a mixture of 3,4,5- (VII) and 2,3,5-trimethylphenol ® (VITT) 
and also into 2,3,4,6-tetramethylpyridine (VI). 

It may be seen from Table 1 that most Friedel-Crafts catalysts are effective in bringing 
about diacylation to pyrylium salts. The complete reaction scheme is outlined in the 
annexed scheme. 

The trisubstituted pyrylium cation (as III) is formed from 2-methylbut-l-ene (I) 
through the unique sequence shown in the chart, but two routes are open to the tetra- 
substituted pyrylium salt (V). The steps (IX —» I), (X —» XIII), and (XI —» XV) 
involve Hofmann elimination, and the steps (IX —» II), (XI —» XIV), (XI —» XVI), 
and (X —» XII) involve Saytzeffelimination. Praill and Saville have shown * that form- 
ation of By-olefinic ketones (cf. XIII —» XV) is kinetically favoured by a cyclic transition 
state. 

Table 1 shows that, with t-pentyl chloride and acetyl chloride in the presence of the 
strongest Lewis acids (aluminium chloride and antimony pentachloride), the pathway 


Marshall, Beringer, and Geering, J. Amer. Chem. Soc., 1953, '75, 2633, and further references therein. 
Praill and Saville, Chem. and Ind., 1960, 495. 
Deno and Chafetz, ]. Amery. Chem. Soc., 1954, 74, 3940. 
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(IX) —» (I), etc., —» (III) involving only Hofmann eliminations is exclusively followed, 
while in the presence of the weaker Lewis acids (ferric chloride, titanium tetrachloride, 
zinc chloride, stannic chloride) one or both of the other two sequences are also involved. 
With t-pentyl alcohol and acetic anhydride, water is formed in the reaction medium and 
according to the Zucker-Hammett hypothesis ® this complicates the picture. Also, if, 
in order to avoid water formation, the olefin (II) is directly acetylated, the situation is 
complicated by the kinetic relationships (II) === (I). It may be seen from Table 1 that 
the results do not differ much if the olefin is used instead of the chloride (Nos. 1 and 2), 
but the difference is considerable between the olefin and the alcohol (Nos. 14 and 15). 
Anyhow, it may be concluded that weaker Lewis acids and proton acids favour Saytzeff 
eliminations: the higher the water concentration, the more the Saytzeff elimination 
prevails (compare also Nos. 16 and 17). The behaviour of stannic chloride (Nos. 9—11) 
and zine chloride (Nos. 12 and 13) is rather difficult to interpret. 


Me 


+ 
US CHMe 
-. = Nu 
Me. F VE 2 
: C= CHMe C—CH,Me 
Q (II) Me (I) 
| Act . | Act 
+ + 
Ac:CHMe-CMe2 Ac:CH,:CMeEt 


Le (X) (XJ) \" Ac:CH: CMeEt 
pena (XVI 
Ac-CMe:CMe, Ac:CH,-CEt: CH, : 


(X11) (XV) 
Ac:CHMe-CMe:CH, Ac:CH,-CMe:CHMe 
(X IIT) (XIV) Act 
Me | a<* Bi ad E 
Mey “S Ac-CHy*CEt-CH Ac : 
~= + 2 S 
"One es Ac:CHMe:CMe-CHAc (XVIIB) “ M 
‘ e +4 e 
(V) (XVII) II1) 


It seems that minute factors considerably affect the product composition, and thus 
pyrylium salt formation through diacylation of amylene can be a sensitive method of 
comparing Friedel-Crafts acylating agents. A further factor is the nature of the acid 
chloride employed: with t-pentyl chloride and acetyl chloride, in the presence of alu- 
minium chloride, only the trisubstituted pyrylium salt (as III) results. The pyrylium 
salts formed in the same conditions with propionyl chloride and benzoyl chloride were 
attributed ! trisubstituted structures by analogy. Subsequent analysis revealed that they 
had tetrasubstituted structures, analogous to (V): the former through conversion into 
phenol (see the Experimental section), and the latter through its ultraviolet absorption 
spectrum. ; 

Separate experiments have shown that the two pyrylium salts (III) and (V) are not 
interconvertible under the usual reaction conditions; so the difference does not arise 
from kinetic or thermodynamic control of the reaction. Gas chromatography of the ketonic 
mixtures (Table 1, Nos. 1, 14, and 18) has shown the presence of several ketonic peaks. 
However, fractional distillation and isolation as semicarbazones and 2,4-dinitropheny]l- 
hydrazones afforded only 3,4-dimethylpent-3-en-2-one (XII) in acetylations catalysed 


® Taft, jun., ef al., J. Amer. Chem. Soc., 1952, 74, 53, 72; 1953, 75, 1253, 3955; 1955, 77, 1584, 837: 
inn. Rev. Phys. Chem., 1958, 9, 287; Long and Paul, Chem. Rev., 1957, 57, 1, 935. 
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by boron trifluoride of perchloric acid, and a $-chloro-ketone in the reaction catalysed by 
aluminium chloride, whose dehydrochlorination with diethylaniline yielded the same 
«f-unsaturated ketone (XII). For the various acetylations of 2-methylbut-2-ene reported 
in the literature,* only Kondakoff ! mentioned the formation of 4-methylhex-3-en-2-one 
(XVI) in the presence of zinc chloride, but his experimental details are not convincing. 
From reactions in the presence of stannic chloride, Colonge,* Stevens,* and later workers ! 
found only the ketones formed in sequence (XII) and (XIII). The same results were 
obtained with sulphoacetic acid.12 Of the stronger Lewis acids, only aluminium chloride 
has been applied by Krapiwin * and subsequent workers }° to the acetylation of 2-methyl- 
but-2-ene; the §-chloro-ketone yielded, by dehydrochlorination, the same ketone (XII). 
No definite conclusion can yet be drawn from the study of the ketones formed by mono- 
acetylation. Since the equilibria between «$- and $y-olefinic forms are very labile and 
easily modified by the usual isolation procedure (cf., e.g., refs. 8, 12, 14) or by the basic 
agents employed for dehydrochlorination of the intermediate chloro-ketones, finer tech- 
niques must be applied to the reaction mixture in order to separate and identify the five 
possible unsaturated ketones (XII—XVI) and the two possible chloro-ketones. 

Of the factors which could possibly be responsible for the preferential formation of 
one or the other pyrylium salt in amylene diacetylation, various electronic effects or 
differences between Lewis and proton acids cannot explain the results; the presence or 
absence of water or other hydroxylic species in the reaction medium does not much 
influence the nature of the products; a difference between thermodynamic and kinetic 
control has been experimentally ruled out; the only remaining factors are the steric 
requirements of the base accepting the proton, and the acid strength of the catalyst. 
Brown has shown * that Saytzeff elimination is affected by steric hindrance, while Hofmann 
elimination is not; in the reaction now under discussion, bases with a large volume, such 
as the complex metallic anions MX,,~, favour Hofmann elimination more than do bases 
with a smaller volume, such as water, acetic acid, BF,~, and ClO,-. However, with 
metallic halides the results vary so much that other factors, namely, acid strength and 
formation of unsaturated ketone—metal halide complexes ¢ must be taken into account. 

A survey of the literature concerning olefin acylations in the presence of various catalysts 
disclosed the probable formation of pyrylium salts, not recognised as such, in other instances 
besides those listed in footnote 3 of Part I. Thus, Byrns and Doumani’s studies !* of the 
acetylation of di-isobutylene in the presence of zinc chloride yielded a “‘ zinc chloride 
complex of a 1,3-diketone ’’ which was converted by ammonia into a nitrogen-containing 
base; all attempts to set the “‘ diketone ’’ free from the complex failed. We proved ® that 
the “‘ complex ’’ is a pyrylium salt. Also, in the presence of sulphoacetic acid there are 
indications of the formation of pyrylium salts from olefins !’ or from unsaturated ketones.}8 


EXPERIMENTAL 


Preparation of 2,4,6-Trimethylpyrylium Salts.—(a) With aluminium chloride in carbon 
disulphide. Acetyl chloride (250 g., 3-2 moles) is added at 0—10° to a stirred suspension of 
powdered aluminium chloride (270 g., 2 moles) in carbon disulphide (500 ml.), then 138 g. 


* See footnote 3 in ref. 1; the first two references in that footnote must be inverted (Krapiwin with 
Kondakoff). 
+ Suggested by a referee. 


10 Kondakoff, Bull. Soc. chim. France, 1892, 7, 576. 

11 Favre and Schinz, Helv. Chim. Acta, 1952, 35, 2388. 

12 Heilmann, de Gaudemaris, and Noack, Bull. Soc. chim. France, 1954, 990, 992. 

13 Petrov, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1955, 639. 

14 Arnaud, Compt. vend., 1957, 244, 1785. 

15 Brown and Moritani, J. Amer. Chem. Soc., 1956, 78, 2203, and previous papers in the series. 

16 (a) Byrns and Doumani, Jnd. Eng. Chem., 1943, 35, 349; Byrns, U.S.P. 2,315,046, 2,355,703, and 
2,453,619; (b) Balaban, Ghenea, and Nenitzescu, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1961, 
1102. 

17 Doumani and Cuneo, U.S.P. 2,411,823, 2,438,334, Byrns, U.S.P. 2,463,742. 

18 Morel and Verkade, Rec. Trav. chim., 1948, 67, 539; 1949, 68, 619; 1951, 70, 35. 
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(1-5 moles) of t-butyl chloride (138 g., 1-5 moles) are added during 3 hr., the temperature 
being kept at 10°. Stirring is continued for 4—6 hr. The next day, the lower layer is decom- 
posed with ice (1-2 kg.) and hydrochloric acid (50 ml.), and water-insoluble by-products are 
removed by extraction with ether. The aqueous solution contains 2,4,6-trimethylpyrylium 
chloroaluminate (47—53% yield) from which various salts may be prepared (cf. Part I). 

On addition of picric acid in equivalent amount, in water, an unidentified greenish-yellow 
precipitate is first deposited (m. p. 130°; from 20% ethanol) (Found: C: 48-6; H, 3-9; 
N, 10-8%). Filtration of the solution and cooling affords the more soluble trimethylpyrylium 
picrate,1 m. p. 129° (from water). The mixed m. p. between these two compounds shows 
depression. Only the latter compound yields other pyrylium salts on treatment with the 
appropriate reagent. 

(b) With perchloric acid. A mixture of anhydrous t-butyl alcohol (2 moles) and acetic 
anhydride (10 moles), cooled at —10°, is cautiously treated with 70% perchloric acid (1-75 
moles). The temperature is kept between 90° and 100° by controlling the rate of addition 
and by cooling. The mixture is then heated at 100° for 2 hr. After cooling, the crystalline 
2,4,6-trimethylpyrylium perchlorate is filtered off, and washed with a mixture of acetic acid and 
ether, then with ether (yield, 205—215 g., 53—57%). ecrystallisation from water (1500 ml.) 
acidified with 70% perchloric acid (5 ml.) (carbon) gives white crystals (200—205 g.), m. p. 
244°. Ifthe last reagent added to the mixture of the other two is the alcohol or the anhydride, 
yields of pyrylium perchlorate are small, and appreciable amounts of tri-isobutene separate 
as a colourless upper layer (b. p. 172° over sodium) (Found: C, 85-65; H, 14:15. Calc. for 
C,,.H.,: C, 85-6; H, 14-4%). 

(c) With antimony pentachloride. If t-butyl chloride (0-1 mole) is slowly added at 5—10° 
to the complex from antimony pentachloride (0-1 mole) and acetyl chloride (1-0 mole) hydrogen 
chloride is evolved and a clear red solution is obtained, which soon crystallizes. The 2,4,6- 
trimethylpyrylium chloroantimonate is filtered off and washed with ether (yield, 21 g., 46%). 
Recrystallized from acetic acid containing hydrogen chloride, it has m. p. 174° (decomp.) 
(Found: C, 21:3; H, 2-3. [C,H,,O]*SbCl,~ requires C, 21-0; H, 2.4%). It may also be 
prepared from trimethylpyrylium perchlorate and old, yellow antimony pentachloride in 
acetic acid. 

(d) With zine chloride. t-Butyl alcohol (7-5 g., 0-1 mole) is added without cooling to a 
solution of anhydrous zinc chloride (40 g.) and acetic anhydride (100 ml.). The mixture is 
stirred for 2 hr. at 90°, then cooled and treated with water (50 ml.). An hour later an excess 
of perchloric acid is added. The perchlorate is filtered off and washed with ether (yield, 10 g., 
45%). 

(e) With stannic or titanic tetrachloride. Acetyl chloride (1 mole) and stannic or 
titanic chloride (0-2 mole) are mixed, stirred, and treated during 1 hr. with t-butyl chloride 
(0-2 mole). The next day the trimethylpyrylium chlorostannate?! is filtered off, and the 
filtrate (or the whole reaction mixture with titanic chloride, which yields no crystalline pyrylium 
salt) is hydrolysed with ice and hydrochloric acid, and then treated with perchloric acid (0-2 
mole). Yields were 43% (SnCl,) or 30% (TiCl,). 

(f) With aluminium or ferric chloride. With careful exclusion of moisture the anhydrous 
metallic halide (0-4 mole) is gradually introduced into acetyl chloride (1 mole), with efficient 
cooling and stirring, the temperature being kept below 10°. Then t-butyl chloride (0-3 mole) 
is slowly introduced at 0—5°; after 3—4 hr. evolution of hydrogen chloride has subsided, 
and the mixture is allowed to reach room temperature and is stirred for 6—8 hr. longer. Next 
day the mixture is poured on ice and hydrochloric acid (20 ml.), water-insoluble material is 
extracted with ether, and the perchlorate is precipitated by addition of perchloric acid; yields 
are 40—45% (AICI,) and 30—35% (FeCl,). is 

(g) Mercury dichloride and boron fiuoride—ether complex. With t-butyl chloride and acetyl 
chloride, no reaction could be observed by refluxing in the presence of these substances. 

2,4,6-Trimethylpyrylium reineckate was prepared from the perchlorate and Reinecke salt 
in 80% ethanol solution; it had m. p. 165° (from ethanol) (Found: C, 32-9; H, 3-9; N, 18-9. 
C,,.H,,;,CrN,OS, requires C, 32-6; H, 3-9; N, 19-0%). 

2,4,6-Trimethylpyrylium chloroferrate (yellow) was obtained from the perchlorate and 
ferric chloride in concentrated hydrochloric acid; it had m. p. 53° (from 30% hydrochloric 
acid) (Found: C, 29-9; H, 3-4. [C,H,,O]*FeCl,~ requires C, 29-95; H, 3-5%). 

2,4,6-Trimethylpyrylium periodide was obtained from the perchlorate with a warm aqueous 
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solution of iodine in sodium iodide, as a dark-brown heavy oil which crystallized on cooling 
and after recrystallization from acetic acid had m. p. 72° (Found: C, 19-3; H, 2-3; I, 75-2. 
[C,H,,O]*I,~ requires C, 19-1; H, 2-2; I, 75-6%). 

Diacetylation of 2-Methylbut-2-ene.—General. ‘The olefin was prepared by catalytic de- 
hydration of isopentyl alcohol over kieselguhr at 400°, followed by careful fractionation. ‘The 
fraction of b. p. 38° was used. t-Pentyl chloride was prepared from t-pentyl alcohol (b. p. 
101-5—102-5°) by a procedure similar to that given for t-butyl chloride.!* The acetylation 
was carried out as described for trimethylpyrylium salts. 

At the end of the reaction and before hydrolysis the mixture was treated with a solution 
of old, yellow antimony pentachloride in acetic acid, alternatively after hydrolysis with an 


TABLE 2. Pyrylium salts formed in the diacetylation of 2-methylbut-2-ene. 


2,3,4,6-Me, 2,6-Me,-4-Et 
Recryst. Required (%) Found (%) Found (%) 
Anion from Formula Cc H M.p. C H M.p. C H 
Perchlorate ......... EtOH C,H,,ClO, 45-7 55 95°* 455 54 189° 45:5 5-5 
Chloroantimonate AcOH C,H,,Cl,OSb 229 28 191 230 29 140 229 2-7 
Reineckate* ...... EtOH C,\sH,CrN,OS, 343 42 187% 345 42 155° 343 4:2 
Chloroferrate ...... 25% HCl C,H,,Cl,FeO 323 39 155% 32:5 3-7 45% 32:3 3-8 


* Directly from the reaction mixture. ° By treatment of the reaction mixture with the appropriate 
reagent. * Found: (tetramethyl) N, 18-2; (ethyldimethyl) N, 18-2. Required: N, 18-45%. 


ethanolic solution of Reinecke salt or a solution of ferric chloride in concentrated hydrochloric 
acid. The m. p. of the pyrylium salts (see Table 2) indicated whether salt (III) or (V) was 
predominantly formed. 

Alternatively, the reaction mixture was heated with enough water to hydrolyse the acy] 
derivative and then an excess of ammonia was added, without cooling. When metallic 
hydroxides were precipitated, the mixture was steam-distilled and the distillate was ex- 
tracted with ether. When no metallic hydroxide was precipitated, or when it was soluble in 
an excess of ammonia, the mixture was extracted with ether. The ethereal extract was shaken 
with 10% hydrochloric acid. Distillation of the ethereal layer after neutralisation with aqueous 
sodium hydrogen carbonate and drying (Na,SO,) afforded the ketone. The acid layer, 
made alkaline, extracted with ether, and dried (NaOH), yielded the pyridine. This was 
converted into solid derivatives (chloroplatinate, methiodide, picrolonate, or, as in most cases, 
picrate) whose m. p. and mixed m. p. with standard samples indicated the approximate com- 
position of the product. Alternatively the base was analysed as follows: 

(i) Infrared spectra: 2° for the products obtained in reactions with aluminium chloride or 
sulphuric or perchloric acid; the results were in good agreement with those obtained by 
gas chromatography. (ii) Gas chromatography: this was on a 2-m. column of 0-5 cm. diameter, 
filled with dodecyl phthalate on chamotte, with hydrogen as eluent at 22 ml./min., at 150°. 
The results in Table 1 are calculated from approximate area integration. 4-Ethyl-2,6-dimethyl- 
pyridine has a retention time of 21 min., and 2,3,4,6-tetramethylpyridine of 30 min. (samples 
0-05—0-1 ml.). If traces of 8-chloro-ketone exist in the sample, hydrogen chloride is removed 
and the chromatographic results become unreliable: 

(a) With boron fluoride—ether complex (Table 1, Nos. 14 and 15). Acetic anhydride (1 mole) 
was mixed with boron fluoride—ether complex (0-5 mole) and then t-pentyl alcohol or 2-methyl- 
but-2-ene (0-5 mole) was slowly added with moderate cooling. The next day water (30 ml.) 
was added with cooling [occasionally boric acid crystallised; m. p. 159° (decomp.)], and after 
1 hr. an excess of ammonia was added and the pyridine was isolated as indicated above. 

(b) With sodium perchlorate (Table 1, Nos. 16 and 17). (i) 2-Methylbut-2-ene (0-2 mole) 
was gradually added during 2 hr. to a stirred mixture of anhydrous sodium perchlorate (0-2 
mole), 100% acetic acid (1-6 moles), acetyl chloride (0-2 mole), and acetic anhydride (0-6 mole). 
The yellow solution was heated for 3 hr. at 60°, and then the dark-brown mixture was poured 
into cooled 20% aqueous ammonia (400 ml.), ether was added, and the pyridine was isolated 
as above. 

(ii) The same procedure was used but without acetic acid. The sodium chloride did not 
dissolve as previously. The mixture was left overnight and then worked up as described in (i). 


1® Norris and Olmsted, Org. Synth., Coll. Vol. I, 1941, p. 144. 
2° Cook and Church, Analyt. Chem., 1956, 28, 993. 





XUM 


“cd 


ot 





(1961) obtained by Diacylation of Olefins. Part II. 3559 


(c) With zine chloride (Table 1, No. 12). t-Pentyl chloride (40 ml.) was added with cooling 
and efficient stirring to acetyl chloride (80 ml.) and powdered anhydrous zinc chloride (85 g.). 
Next day the viscous oil was poured into water, extracted with ether, treated with an excess of 
ammonia, and worked up as above. 

(d) With stannic chloride (Table 1, Nos. 9—11). (i) Stannic chloride (0-25 mole) was mixed 
with acetyl chloride (1 mole), then t-pentyl chloride (0-25 mole) was added as follows: about 
7 g. without cooling, but with stirring for 0-5 hr. until the reaction began. The rest of the 
t-pentyl chloride was added at 10—20° (bath), then the mixture was stirred at 20—30° for 5—6 
hr. longer and left overnight. Next day it was poured into stirred, cooled aqueous ammonia 
(300 ml.), then steam-distilled and worked up as above. 

(ii) In a second experiment the reaction mixture was poured into ice and hydrochloric 
acid. The solution was diluted with an equal volume of ethanol and kept in the refrigerator 
overnight. White crystals were formed, which were filtered off, and the solution was again 
cooled, etc. Several crops were thus obtained. The m. p. of the crude 2,3,4,6-tetramethyl- 
pyrylium chlorostannate was 260—265° (decomp.) and by recrystallisation from acetic acid 
containing hydrogen chloride was raised to 280° (Found: C, 35-6; H, 4:4. C3,H,,Cl,0O,Sn 
requires C, 35-7; H, 4:3%). If the aqueous-ethanolic hydrolysis solution was further diluted 
with ether, the chlorostannate was more rapidly precipitated (15—-60 min.) but it had a lower 
m. p. (240—250°). The crude chlorostannate afforded on treatment with ammonia a pyridine 
mixture containing 90% of 2,3,4,6-tetramethylpyridine. The recrystallised chlorostannate 
yielded pure tetramethylpyridine. 

(iii) Water (9 ml., 0-5 mole) was added to stannic chloride (26 g., 0-1 mole), then acetic 
anhydride (30 g., 0-3 mole) was cautiously introduced. The temperature was kept under 20° 
by cooling in ice-salt. t-Pentyl chloride (11 g., 0-1 mole) was introduced and the mixture 
refluxed for 5 hr. with stirring on a water-bath at 70°. No reaction took place, only dimerisation 
of 2-methylbut-2-ene. With a reaction mixture prepared from stannic chloride, hydrochloric 
acid, and 2-methylbut-2-ene, immiscible t-pentyl chloride was immediately formed. 

(e) With perchloric acid (Table 1, No. 18). The reaction was carried out by adding 70% 
perchloric acid (1 mol.) to a mixture of acetic anhydride (5 mol.) and t-pentyl alcohol (1 mol.), 
as described for trimethylpyrylium perchlorate. No pyrylium perchlorate crystallised on 
cooling, but, on addition of water, then ethanol and ether, the homogeneous solution deposited 
brown crystals (alternatively, the reaction mixture was treated with ether, and the lower, 
dark, fuming layer was diluted with ethanol, but this procedure is more hazardous *! and less 
satisfactory). The product was filtered off and washed with ether, and had m. p. ca. 90°. 
It consisted of a mixture of 2,3,4,6-tetramethyl- with some 4-ethyl-2,6-dimethyl-pyrylium 
perchlorate and could not be recrystallised from water. The latter salt was obtained pure 
by repeated recrystallizations from ethanol, because although present in minor amounts in 
the mixture, it is less soluble. The m. p.s and analyses of the two perchlorates are shown in 
Table 2. 

If the above mixture of perchlorates was converted into chloroferrates, by treatment with 
ferric chloride in concentrated hydrochloric acid, 2,3,4,6-tetramethylpyrylium chloroferrate 
was obtained pure after recrystallisation from 30% hydrochloric acid. By dissolving this 
chloroferrate in warm 70% perchloric acid, cooling, filtering off, washing thoroughly with 
ether, repeating the procedure once more, and finally recrystallising the product from isopropyl 
alcohol, pure 2,3,4,6-tetramethylpyrylium perchlorate was obtained. The test for purity of 
2,3,4,6-tetramethylpyrylium salts was the gas chromatogram of the respective pyridine rather 
than the m. p. 

(f) With sulphuric acid (Table 1, Nos. 10, 19). The procedure of Schneider and Sack ** 
was followed. ‘ 

Attempted Interconversion of the Pyrylium Salts (III) and (V).—No change could be detected 
in the pyridines from 4-ethyl-2,6-dimethyl- or 2,3,4,6-tetramethyl-pyrylium perchlorate that 
had been treated under a variety of conditions with sulphuric acid or 20% oleum, antimony 
pentachloride, or aluminium chloride. 

Pyvidines (1V) and (V1).—2,3,4,6-Tetramethylpyridine (VI) was obtained pure (Table 1, 
Nos. 14, 18, 19) by recrystaliisation of the picrate and regeneration of the base with ammonia 
or alkali. It gave a picrate, m. p. 107° or 123° (from ethanol) (Found: C, 49-8; H, 4-8; 


21 Kahane, Compt. rend., 1948, 227, 841. 
22 Schneider and Sack, Ber., 1923, 56, 1786. 
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N, 15-2. Calc. for C,;H,,N,O,: C, 49-45; H, 4-4; N, 15-4%). The m. p. of this picrate is 
variously reported as 107° (ref. 23) or 123° (ref. 24). Initially, we obtained the lower-melting 
form, but after Professor H. B. Nisbet had kindly supplied us with a sample of the picrate of 
m. p. 123° we were able to obtain either form, by seeding either the melt on the Kofler hot 
stage or the saturated alcoholic solution. X-Ray diffraction patterns of the two forms of the 
picrate were photographically registered with a copper anticathode during 15 hr. with 38 kv 
accelerating voltage and 10 ma current; a 114 mm. diam. chamber and a 12y nickel filter were 
used. The most intense group of six lines led in both cases to the same d-values: 4-16, 3-91, 
3°81, 3-63, 3-44 (most intense), and 3-27 A. The intensities were however different. 

This base gave a methiodide, m. p. and mixed m. p. 188° (from absolute ethanol) (lit.,?4 
m. p. 192—193°), picrolonate, m. p. and mixed m. p. 224—-225° (from ethanol (lit.,24 225-5°), 
chloroplatinate, m. p. 288° (from dilute hydrochloric acid) (Found: C, 31-8; H, 4-45; N, 4-2; 
Pt, 28-6. C,,H,,Cl,N,Pt requires C, 31-8; H, 4-45; N, 4-1; Pt, 28-7%). 

4-Ethyl-2,6-dimethylpyridine ({V), its picrate, m. p. 119—120°, and chloroplatinate, m. p. 
213°, have been described.! It gives a picrolonate, m. p. 215° (from methanol) (Found: N, 17-4. 
C,,H,,;N,;O; requires N, 17-5%), and methiodide, m. p. 205° (from absolute ethanol) (Found: 
C, 43-4; H, 6-0; N, 5-0. C, 9H,,IN requires C, 43-4; H, 5-8; N, 5-05%). 

Ketones Formed in Acetylation of 2-Methylbut-2-ene.—The ketone obtained by use of boron 
trifluoride—ether or perchloric acid boiled at 135—155° (mostly at 148°) and yielded a semi- 
carbazone, m. p. 201° (from 50% ethanol) (Found: C, 57-1; H, 9-0; N, 24-8. Calc. for 
C,H,;N,0: C, 56-8; H, 8-9; N, 24-8%), and a 2,4-dinitrophenylhydrazone, m. p. 129° (from 
ethanol) (Found: C, 53-3; H, 5-5; N, 25-1. Calc. for C,H,,N,0: C, 53-4; H, 5-5; N, 24-85%). 
The m. p. agree with those recorded for 3,4-dimethylpent-3-en-2-one derivatives (semicarbazone, 
from 176—180° to 199—200°; 2,4-dinitrophenylhydrazone, 127-5° # and 132—133 1). 

The ketone obtained by use of aluminium chloride boiled over a wider range. Fractionation 
at 40 mm. yielded a forerun, b. p. 30—55°/40 mm. (which gave a semicarbazone, m. p. 190°, 
and a 2,4-dinitrophenylhydrazone, m. p. 98°; these were not investigated further), and a 
major faction, b. p. 65—75°/40 mm., that gave a 2,4-dinitrophenylhydrazone, m. p. 134° (from 
ethanol) (Found: C, 47-9; H, 5-5; N, 16-95. C,,H,,CIN,O, requires C, 47-5; H, 5-2; N,17-0%). 
In the preparation of the semicarbazone, hydrogen chloride is split off, and a chlorine-free 
semicarbazone, m. p. 185-—-190° (m. p. 195° after repeated recrystallizations), was obtained, 
which gave no depression with the previous semicarbazone, m. p. 201°. When this fraction 
was refluxed with diethylaniline, it was completely dehydrochlorinated, yielding 3,4-dimethyl- 
pent-3-en-2-one, whose semicarbazone, m. p. 199°, and 2,4-dinitrophenylhydrazone, m. p. 
126°, gave no depression with the corresponding derivatives prepared from the ketone obtained 
as above. The formation of 4-methylhex-3-en-2-one mentioned by Kondakov,!® as formed in 
the zinc chloride acetylation of 2-methylbut-2-ene, was not observed in reactions with boron 
trifluoride or aluminium chloride. 

Conversion into Phenols.—(a) Tetramethylpyrylium salts. The mixture produced from acetic 
anhydride (100 ml.), t-pentyl alcohol (25 ml.) and 70% perchloric acid (30 ml.) was hydrolysed 
with water (500 ml.) and then gradually treated, with cooling, with a concentrated solution 
of sodium hydroxide. At pH ~4 the upper ketonic layer was separated, and the solution was 
then made strongly alkaline and boiled under reflux for Lhr. After cooling, non-acid products 
were removed in ether, and the aqueous solution was acidified with hydrochloric acid. A 
phenolic mixture separated as a yellow oil, which soon crystallised. It was filtered off and 
after being washed with ligroin had m. p. 70—80°; after two recrystallisations from 60% 
methanol, the m. p. was 95° and remained constant on further recrystallisation. This phenol 
was identified as 2,3,5-trimethylphenol by conversion into a dibromo-derivative, m. p. 150° 
(from 50% methanol) (Found: C, 36-9; H, 3-6; Br, 54-1. Calc. for C,H,,Br,O: C, 36-8; 
H, 3-4; Br, 54-4%), and into a phenylurethane, m. p. 178° (from 50% methanol) (Found: 
N, 5-4. Calc. for C,,H,,NO,: N, 5-7%). The literature ** reports the following m. p.s: 
phenol 93° to 96°, dibromo-derivative 150—151°, and urethane 173—174°. Evaporation of 





23 Eguchi, Bull. Chem. Soc. Japan, 1928, 3, 227; van Meter, Bailey, Smith, Moore, Allbright, 
Jacobson, Hylton, and Ball, Analyt. Chem., 1954, 24, 1758. 

24 Nisbet and Pryde, J. Just. Fuel, 1954, 27, 58; Nature, 1951, 168, 832; Benzie, Miine, and Nisbet, 
“ Oil Shale and Cannel Coal,’’ Inst. Petroleum, London, 1951, Vol. II, p.784; Tsuda, Ikekawa, Mishima, 
Iino, and Morishige, Bull. Chem. Soc. Japan, 1953, 1, 122. 

*5 Auwers and Saurwein, Ber., 1922, 55, 2372; isaddeley, J., 1944, 330; Kruber and Schmitt, Ber., 
1931, 64, 2270. 
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the mother-liquors gave a phenolic mixture, m. p. 65—70° after washing with light petroleum. 
3,4,5-Trimethylphenol was obtained by fractional sublimation; * the residue after recrystallis- 
ation from light petroleum had m. p. 105—106° (lit., m. p. 107°,25 109-5° & 26), 

(b) 2,6-Diethyl-3,4-dimethylpyrylium salts. The pyrylium perchlorate (7 g.), m. p. 109° (from 
water or dilute ethanol), obtained by propionylation ! of 2-methylbut-2-ene, was added gradually 
to a hot solution of sodium hydroxide (5 g.) in water (30 ml.) and refluxed for 20min. After 
dilution with water (20 ml.) and extraction with ether, the aqueous solution was acidified with 
hydrochloric acid and kept in the refrigerator for 2 days. The product, after recrystallisation 
from light petroleum, had m. p. 49—50°. This phenol gave a monobromo-derivative, 
m. p. 78° (from 50% ethanol) (Found: C, 54-0; H, 6-3; Br, 32-5. C,,H,,BrO requires C, 54-3; 
H, 6-2; Br, 32-9%); therefore the perchlorate was not 2,4,6-triethylpyrylium as initially 
supposed ! but 2,6-diethyl-3,4-dimethylpyrylium perchlorate. The phenol formed therefrom 
was 3-ethyl-2,4,5- or 3-ethyl-2,5,6-trimethylphenol, or a mixture thereof. 


Analyses were by Miss Elvira Sliam and Miss Violeta Sandulescu. Infrared absorption 
spectra were recorded with an automatic UR10 spectrophotometer by Mrs. Colomba Lupu. 
X-Ray powder diffraction patterns were determined by Rodica Gheorghiu, Ludmila Benes, 
and Dr. Dorel Bally. Gas chromatograms were recorded by Mr. I. Pogany and F. Badea. 


LABORATORY OF ORGANIC CHEMISTRY, POLYTECHNICAL INSTITUTE, 
BUCHAREST, ROUMANIA. (Received, August 11th, 1960.) 


26 Kruber and Marx, Ber., 1940, 78, 1175. 





697. Pyryliwm Salts obtained by Diacylation of Olefins. Part III.* 
Diacylation of Cyclic Olefins and a Novel Synthesis of Isoquinoline 
Derivatives. 


By A. T. BALABAN and C. D. NENITZEsScU. 


Methylenecycloalkanes (I; » = 3 and 4) are readily bisacylated, yielding 
pyrylium salts (IX) which may be converted into pyridines (X). The endo- 
cyclic isomers, 1-methylcycloalkenes (V; » = 3 and 4), give poor results. The 
pyridines thus prepared are either tetrahydroisoquinolines (X; » = 4) which 
may. be dehydrogenated to 1,3-disubstituted isoquinolines, or are cyclo- 
penta[c]pyridines (X; » = 3) which can be used as intermediates in the 
preparation of pseudoazulenes (XI). : 


In Part I! it was mentioned that the cyclic olefins 1-methylcyclohexene, 1-methylcyclo- 
pentene, and methylenecyclopentene, as well as methylenecyclohexane, failed to yield 
pyrylium salts on diacetylation with acetyl chloride in the presence of aluminium chloride. 
We now report that this failure was due to the small yield and the high solubility of the 
pyrylium perchlorate. We have now obtained sparingly soluble phenyl-substituted 
pyrylium perchlorates by dibenzoylation of cyclic olefins with benzoyl chloride and 
aluminium chloride. Pyrylium salts formed by diacetylation or dipropionylation can be 
identified by conversion into the corresponding pyridines. , 

Higher yields are obtained when acid anhydrides and perchloric acid are used in place 
of acid chlorides and aluminium chloride. Methylenecycloalkanes (I) give far higher 
yields than their endocyclic isomers, l-methylcycloalkenes (V), which react more violently 
and yield polymers almost exclusively; the cyclopentene derivatives react more rapidly 
and yield more polymer than do the cyclohexene derivatives. 


* Part II, preceding paper. Part I is considered to be a paper by Balaban and Nenitzescu, Annalen, 
1959, 625, 74. 
7 


1 Turner and Garner, J. Amer. Chem. Soc., 1957, 79, 253, and references therein. 











3562 Balaban and Nenitzescu: Pyrylium Salts 


The superiority of methylenecycloalkenes over 1-methylcycloalkenes may depend on 
the relative stability of the endocyclic and exocyclic double bonds.! It is evident from 
the reaction scheme (” = 3 or 4) that the compound (IV) will be preferentially formed 
from the ion (II), and the isomer (VIII) from the ion (VI). The former product can be 
acylated further, but not the latter, which has a double bond conjugated to a ketone 
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group. This explains why methylenecycloalkenes give far higher yields than 1-methyl- 
cycloalkenes. Of course, the conjugated ketones (III) and (VIII) will be more stable 
than their unconjugated isomers (IV) and (VII), but the rate of formation of the By- 
olefinic ketones can be high owing to intramolecular hydrogen transfer through a cyclic 
transition state of the ions (II) and (VI), as shown by Praill and Saville.” 

The greater reactivity of cyclopentane than of cyclohexane derivatives is explained by 
the conformation change in passing from the olefin (I) to the ion (II) or from (V) to (VI). 
In these processes eclipsing is enhanced for cyclohexane derivatives and reduced for 
cyclopentane derivatives. This should lead to a smaller activation energy for the cyclo- 
pentane derivatives. 


X=O or N-Alk) 
o 


| | | 
R R 
N¥7 R R 


The pyrylium salts (IX; R = Ph, m = 3 and 4) and pyridines (X; R = Me and Et, 
n = 3 and 4) were thus prepared. The cyclohexane derivatives (m = 4) are the previously 
unknown Bz-tetrahydro-2-benzopyrylium salts, or the otherwise difficultly accessible 
Bz-tetrahydroisoquinolines. The compound (X; R= Me, »=4) was catalytically 
dehydrogenated to the known 1,3-dimethylisoquinoline. The cyclopentane derivatives 
also are otherwise difficultly accessible, and the respective pyrylium or N-alkylpyridinium 
salts may be dehydrogenated 4 to pseudoazulenes 3 (XI). 


2 Praill and Saville, Chem. and Ind., 1960. 495. 

3 Boyd, J., 1958, 1978; 1959, 55; Treibs and Kempter, Chem. Ber., 1959, 92, 601; Treibs and 
Schroth, Angew. Chem., 1959, 71, 71; Anderson, Harrison, Anderson, and Osborne, J. Amer. Chem. 
Soc., 1959, 81, 1255; Mayer, Naturwiss., 1956, 18, 312; Angew. Chem., 1957, 69, 481. 

* Shemyakin and Trakhtenberg, Compt. rend. Acad. Sci. U.R.S.S., 1939, 24, 763; Trakhtenberg 
and Shemyakin, J. Gen. Chem. (U.R.S.S.), 1943, 18, 477. 
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EXPERIMENTAL 

(A) General Procedure for Diacylation with Carboxylic Anhydrides and Perchloric Acid.—Toa 
solution of olefin (1 mol.) in the anhydride (10 mol.), perchloric acid (70%) (2 mol.) was added 
drop-wise, without cooling, at ca. 100° with stirring and use of a large-bore condenser. The 
initial reaction is very vigorous and may be slow in starting. The mixture was stirred for a 
further 3 hr., then chilled and treated successively with water, an excess of ammonia, and ether. 
The ether layer (filtered if necessary) was washed with water and extracted with 2N-hydro- 
chloric acid. Non-basic products from the aqueous acid layer were extracted with ether, and 
an excess of aqueous alkali then added. The pyridine was isolated by means of ether, dried 
(NaOH), and distilled. 

(B) General Procedure for Diacylation with Acid Chlorides and Aluminium Chloride.—The 
complex R:COCI1,AIC], was prepared by addition, with cooling and stirring, of aluminium 
chloride (2 mol.) to the acid chloride (3—5 mol.). Then the olefin (1 mol.) was gradually 
introduced at 0—5°; the mixture was stirred for 5 hr. and left overnight. After hydrolysis 
with ice and hydrochloric acid and extraction with ether, the aqueous layer was treated with 
perchloric acid, the pyrylium perchlorate crystallizing. 

M. p.s and analyses of salts of the pyridine derivatives are presented in Tables 1 and 2. 


TABLE 1. Melting points and analyses of chloroplatinates.* 


Found (%), above. Required (%) 


No. Compound M. p. Formula Cc H N Cl Pt 
1 5,6,7,8-Tetrahydro-1,3-dimethylisoquin- 225° C,.H3,Cl,N,Pt 36-4 42 3-8 285 26-7 
oline 36-1 44 3-8 29-1 26-7 
2 1,3-Dimethylisoquinoline ® 255 CyoHa,ClaN,Pt 35-4 3:7 41 29:0 25-8 
; 36-5 33 39 29-4 26-9 
3 1,3-Diethyl-5,6,7,8-tetrahydroisoquinoline 200 C,,HgCl,N,Pt 39°9 53 3-8 27-3 24-6 
39-6 5-1 36 27:0 248 
4 6,7-Dihydro-1,3-dimethyl-5H-cyclopenta- 211 CopHogCl,N,Pt 34:0 42 42 29-4 27-6 
[c]-pyridine 34:1 40 40 30-2 27-7 
5 1,3-Diethyl-6,7-dihydro-5H-cyclopenta- 197— C,H s,Cl,N,Pt 38-1 48 39 28:2 25-7 
{c]pyridine 198 37-9 48 3-7 28-0 25-7 


@ Recrystallized from 1% hydrochloric acid. °® All the derivatives were less soluble than the 
corresponding tetrahydro-derivatives. 


5,6,7,8-Tetvahydro-1,3-dimethylisoquinoline.—Methylenecyclohexane, prepared from cyclo- 
hexanone, cyanoacetic acid, and piperidine,* with subsequent alkaline hydrolysis,’ and thermal 
decarboxylation,®* with acetic anhydride and perchloric acid (method A) yielded the pyridine 
smoothly (25% yield), b. p. 170—174°/40 mm., 248—249°/760 mm. By method B the yield 
was only 10%.' 1-Methylcyclohexene yielded the same product (method A) in a yield of only 
3%. The methiodide had m. p. 145—147° (from ethanol-ether) (Found: N, 4:7. C,,H,,IN 
requires N, 4-6%). 

1,3-Dimethylisoquinoline was prepared by dehydrogenation at the b. p. for 5 hr. in 
the presence of 30% palladium-charcoal. The sulphate had m. p. 241° (from ethanol) [lit.,’ 
m. p. 242—243° (corr.)] (Found: N, 5-2. Calc. for C,,H,;NO,S: N, 5:5%), the methiodide 
m. p. 246° (from ethanol) (Found: N, 4-9. C,,H,,IN requires N, 4-:7%), and the metho- 
perchlorate m. p. 232° (decomp.) (from water) (Found: C, 52-9; H, 5-2; N, 5-2. (C,,.H,,CINO, 
requires C, 53-0; H, 5-2; N, 5-2%). 

5,6,7,8-Tetrahydro-1,3-diethylisoquinoline, b. p. 189°/100 mm., was prepared analogously 
from methylenecyclohexane and propionic anhydride (procedure A) in 22% yield. 

5,6,7,8-Tetrahydro-1,3-diphenyl-2-benzopyrylium Perchlorate.—This salt was prepared from 
methylenecyclohexane and benzoyl chloride in the presence of aluminium thloride (procedure B) 
in 2% yield and had m. p. 215° (from acetic acid) (Found: C, 65-3; H, 5-1. C, 9H, ClO, requires 
C, 65:2; H, 4:95%), Amax. (in 10-m-solution in acetic acid) 248 my (e 19,600), Amin, 333 my (e 
2900), Amax, 391 mp (e 5350), and a flat broad maximum at ca. 695 my (¢ 1000) due either to 
fluorescence or to solvolysis products. 

6,7-Dihydro-1,3-dimethyl-5H-cyclopenta[c|pyridine (X; R = Me, n = 3).—Methylenecyclo- 
pentane was prepared from cyclopentanone by the same reactions as methylenecyclohexane. 

5 Arnold, Amidon, and Dodson, J]. Amer. Chem. Soc., 1950, 72, 2871. 


6 Sorm and Beranek, Chem. Listy, 1953, 47, 708. 
7 Jantzen, Dechema Monograph, No. 48, Berlin, 1932, p. 135. 
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Its diacetylation (procedure A) proceeds more readily than that of methylenecyclohexane, 
though smoothly (reaction of 1-methylcyclopentene is extremely violent and leads only to 
polymers). After 1 hr. the mixture was diluted with twice its volume of water, the polymer 
filtered off, and the aqueous solution treated with an excess of ammonia. The yield of product 
(X) was 18%. The methiodide has m. p. 195—196° (from absolute ethanol) (Found: N, 4:8. 
C,,H,,IN requires N, 5-0%). 


TABLE 2. Melting points and analyses of picrates and picrolonates.* 


Picrate Found (%) Required (%) 
No.* M. p. Formula Cc H N Cc H N 
1 124—125° C,,H,N,O, 522 47 142 523 47 144 
2 181—182¢ C,H,N,O, 531 41 146 529 37 145 
3 127 CyH»N,O, 545 53 136 545 53 134 
4 121—122 CyH,N,O, 513 44 148 SLl 43 149 
5 129-130 C,H»N,O, 535 50 141 535 50 139 
Picrolonate N (%) 
No.* M. p. Formula Found Required 
1 230—231° C,,H,,N,O,° 16-2 16-4 
2 253 Co,HigN; Os 16-5 16-6 
3 215 Cy3H.,N,O, 15-7 15-4 
4 212 CopH.,N;O; 16-7 17-0 
5 222 Cy3Hy,N,Os 16-0 15-9 


* See Table 1. ¢* Recrystallized from ethanol. *® Found: C, 52-2; H, 4:75. Reqd.: C, 52-3; 
H, 4:65. ¢* Witkop (J. Amer. Chem. Soc., 1948, 70, 1424) gives m. p. 180°. 


The 1,3-diethyl analogue, obtained (10% yield) from methylenecyclopentane, propionic 
anhydride, and perchloric acid by procedure A, had b. p. 171°/100 mm. 

1,3-Diphenyl-2-cyclopenta[c|pyrylium Perchlorate (IX; R= Ph, n = 3).—This salt was 
obtained from methylenecyclopentane and benzoyl chloride in the presence of aluminium 
chloride (procedure B) in 2% yield; it had m. p. 257° (decomp.) (from acetic acid) (Found: C, 
64-4; H, 4-6. CC, 9H,,ClO; requires C, 64-3; H, 4-5%), Amax (in 10“m-solution in acetic acid) 
257, 275, 389 (c 16,500, 15,800, 12,850) Anin, 266, 330 my (e 14,950, 4100), and two flat 
broad maxima at 670 (¢ 1750) and 730 mu (¢ 3650) due to fluorescence or solvolysis products. 


Analyses were by Misses Elvira Sliam and Violeta Sandulescu. The ultraviolet absorption 
spectra of the pyrylium perchlorates were recorded by Miss Elena Keplinger with a SF, spectro- 
photometer. 


LABORATORY OF ORGANIC CHEMISTRY, POLYTECHNICAL INSTITUTE, 
BUCHAREST, ROUMANIA. [Received, August 11th, 1960.) 





698. Pyryliwm Salts obtained by Diacylation of Olefins. Part IV.4 
Di- and Tri-acetylation of Allylbenzene. 


By A. T. BALABAN, C. D. NENnITzEscu, (Mrs.) M. Gavat, and G. MATEEscU. 


Acetylation of allylbenzene and treatment of the reaction mixture with 
ammonia yields two pyridines : 2,6-dimethyl-3-phenylpyridine by diacetyl- 
ation, and 3-p-acetylphenyl-2,6-dimethylpyridine by triacetylation. The 
mechanism is discussed. 


IT was previously reported ? that 2-substituted propenes such as «-methylstyrene give 
y-substituted pyrylium salts by diacylation with acid chlorides in the presence of aluminium 
chloride. Attempts to diacylate 1- and/or 3-substituted propenes under the same condi- 
tions failed. 


1 Part III, preceding paper. 
2 Balaban and Nenitzescu, Annalen, 1959, 625, 74. 
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In order to obtain 3-arylpyrylium salts for spectroscopic study * a milder acylating 
catalyst (perchloric acid) was tried. Introduction of 70% perchloric acid into a mixture 
of acetic anhydride and allylbenzene caused an energetic reaction, yielding two pyrylium 
salts instead of the expected one. Attempts to separate these salts by recrystallization 
were unsuccessful. Separation of the correspcnding pyridines was, however, possible. 
The lower-boiling compound was the expected 2,6-dimethyl-3-phenylpyridine (VII), the 
other was the product (VIII) of triacetylation. The constitutions were assigned on the 
basis of the method of their formation and on their infrared absorption spectra which 
contain the characteristic bands of six-membered aromatic nuclei.*5 

The triacetylation product (VIII) has an intense carbonyl stretching vibration at 
1696 and a further intense band at 1222 cm., both characteristic of aryl ketones.5 The 
extra acetyl causes a splitting of the symmetrical and antisymmetrical methyl vibrations 


CH A CH A S S 
4 o~s Ph Ph 
HC” “cH,Ph ~~ H2C° SCHPh > ff —- | 
CH.CcO Me\ +2Me Me 2Me 
3 - O N 
(I) | he X (V) (VII) 
Peay ney N ; 
H2C° “CHyCgHyAc > HAC’ “CHCgHyAc 5 | CeHsAc AL | ™ Ac 
CH;-CO Me 37 Me Me JdMe 
(IIT) (IV) x7 (V1) N (VIII) 


in the 2850—2970 cm.* region and a shift towards lower frequencies of the methyl bending 
vibrations in the 1350—1500 cm.* region, but the ring frequencies in the latter region 
are unaffected. The comparative aspect of the 1660—2000 cm.* region ® indicates that 
the acetyl group is in the fara-position. 

Attempts to acetylate 1-phenyl- or 1,3-diphenyl-propene under the same conditions 
failed. Attempted acetylation of 1- and 3-phenyl-, 1,3-diphenyl-, and 2-chloro-1-pheny]- 
propene with acetyl chloride and aluminium chloride was also unsuccessful. In the 
benzoylation of allylbenzene with benzoyl chloride and aluminium chloride or with benzoic 
anhydride and perchloric acid in nitromethane, the yields were too small to be of pre- 
parative interest. 

Of the various reaction paths to the triacetylation product (VIII), the most likely 
seems to be that marked (A) on the chart because the conversions (I) —» (II) are more 
probable than (I) —» (III) since an olefinic double bond is usually more reactive towards 
electrophilic agents than is an aromatic ring. The process (II) — (V) is also more prob- 
able than (II) —» (IV), for the same reason. Indeed, the pyrylium salt (V) is formed 
from (II) as the sole possibility. Further, the step (V) — (VI) is possible since a 
3-phenyl group is not deactivated towards electrophilic substitution; 2- and 4-phenyl 
groups are not further acylated under these conditions: evidence is the para-orientation 
and the results obtained in nitration of triphenylpyrylium’ and 2,3-diphenylbenzo- 
pyrylium perchlorate.§ 

While this work was in progress Praill and Whitear ® showed that l- and 3-alkyl- 
propenes may be diacylated with anhydrides and perchloric acid, yielding 3-substituted 
pyrylium salts (similarly isolated as pyridines). 

* It was shown ® that 2- and 4-phenyl groups exert a characteristic and different influence on the 
position and intensity of the ultraviolet absorption of pyrylium salts. A 3-phenyl group would be 


expected to contribute vectorially to these effects, namely, to behave like two-thirds of a phenyl group 
for the y-bands and one-third of a phenyl group for the x-bands.® 


Balaban, Sahini, and Keplinger, Tetrahedron, 1960, 9, 163. 

Katritzky, Quart. Rev., 1959, 18, 353. 

Bellamy, ‘‘ The Infra-Red Spectra of Complex Molecules,’’ Methuen, London, 1958. 
Briigel, ‘‘ Einfiihrung in die Ultrarotspektroskopie,” Steinkopff, Darmstadt, 1957, p. 333. 
Le Févre and Le Févre, J., 1932, 2894. 

Shriner and Moffett, J]. Amer. Chem. Soc., 1944, 66, 301. 

Praill and Whitear, Proc. Chem. Soc., 1959, 312. 
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EXPERIMENTAL 

Acetylation of Allylbenzene.—70%, Perchloric acid (30 g., 0-2 mole) was cautiously added 
to a stirred solution of allylbenzene ? (11-8 g., 0-1 mole) and acetic anhydride (102 g., 1-0 mole), 
without external cooling. At first only 1—2 ml. of acid were added and reaction was allowed 
to start (15—30 min.), otherwise reaction starts almost explosively. Later the remaining 
acid was added at such a rate as to keep the mixture refluxing. Then the mixture was stirred 
for 3 hr., until the temperature was that of the laboratory. Water (50 ml.) and then an excess of 
aqueous ammonia were added with stirring and cooling. The whole was shaken with ether (100 
ml.) and the ether layer was separated, filtered from polymer if necessary, and washed with water. 
The basic products are extracted into N-hydrochloric acid, and then set free by aqueous alkali. 
The base was extracted with ether, dried (NaOH), and fractionated. This gave as first fraction 
2,6-dimethyl-3-phenyl-pyridine (VII), b. p. 180—200°/80 mm. (3-5 g., 22%), that on redistil- 
lation had b. p. 185°/96 mm., ,,** 1-5812, d,> 1-034, [Mx], 59-07 (calc. 59-73, bond increments ; 
58-97, atomic increments), and gave a moderately soluble chloroplatinate, m. p. 212° (decomp.) 
(from dil. HCl.)’ (Found: C, 40-3; H, 3-8; N, 3-4; Cl, 27-0; Pt, 24-9. C,gH,.Cl,Pt requires 
C, 40-2; H, 3-6; N, 3-6; Cl, 27-4; Pt, 25-15%), picrate, m. p. 168° (from ethanol) (Found: 
C. 55:3; H, 3-9; N, 13-4. C,,H,,N,O, requires C, 55-3; H, 3-9; N, 13-6%), and picrolonate, 
m. p. 182° (from ethanol) (Found: N, 15-9. C,,H,,N;O,; requires N, 15-6%). The second 
fraction was 3-p-acetylphenyl-2,6-dimethypyridine (VIII), b. p. 230—245°/80 mm. (2-1 g., 
10%), that on redistillation had b. p. 243°/96 mm. and gave a slightly soluble chloroplatinate, m. p. 
225° (decomp.) (from dil. HCl) (Found: C, 42-2; H, 4-0; N, 3-25; Cl, 24-6; Pt, 22-8. 
C39H3,Cl,N,O,Pt requires C, 41-9; H, 3-75; N, 3-3; Cl, 24-7; Pt, 22-7%), picrate, m. p. 156° 
(from ethanol) (Found: C, 55-5; H, 4-0; N, 12-1. C,,H,,.N,O, requires C, 55-5; H, 4-0; 
N, 12-3%), and picrolonate, m. p. 197° (from ethanol) (Found: N, 14:2. C,;H,4N;O, requires 
N, 14-3%). 

The infrared absorption spectra, recorded for carbon disulphide and carbon tetrachloride 
solutions, with an automatic UR-lo spectrophotometer, were: 

VII: 672w, 707s, 720m, 743m, 769s, 831s, 912w, 930w, 963w, 999m, 1011s, 1030m, 1075m, 
1132m, 1158w, 1185w, 1238w, 1262m, 1369m, 1378m, 1392s, 1435s, 1443s, 1466vs, 1499m, 
1513m, 1568s, 1584w, 1595vs, 1607s, 1634w, 1674w, 1688w, 1718w, 1747w, 1814w, 1890w, 
1930w, 1955w, 2853w, 2922m, 2963m, 3026m, 3060m, 3082w, 3105vw. 

VIII: 672m, 706s, 751m, 768m, 778s, 830m, 840w, 869w, 912m, 931m, 957vw, 984w, 101lw, 
1030m, 1059m, 1074w, 1132w, 1159vw, 1195m, 1222s, 1257s, 1290m, 1357m, 1371m, 1394m, 
1435m, 1445s, 1500m, 1543m, 1589w, 1596s, 1607s, 1670vw, 1696vs, 1744w, 1812w, 1890w, 
1960w, 2852w, 2863w, 2875w, 2926m, 2960m, 2971m, 3002w, 3030m, 3062m, 308lw, 3108vw. 


The analyses were by Misses Elvira Sliam, Violeta Sandulescu, and Maria Petcu. 


LABORATORY OF ORGANIC CHEMISTRY, POLYTECHNICAL INSTITUTE, 
BUCHAREST, ROUMANIA, [Received, August 11th, 1960.] 


10 Tiffeneau, Compt. rend., 1904, 189, 482; Hershberg, Helv. Chim. Acta, 1934, 17, 352. 





699. Reaction of Pyrylium Salts with Alkali Cyanides. 
By A. T. BALABAN and C. D. NENITzEscu. 


Alkyl-substituted pyrylium salts readily react with aqueous solutions of 
conjugated alkali cyanides, yielding unsaturated cyano-cis-alkadienones (III). 
These are rapidly converted by concentrated acids into their trans-isomers 
(V). Carbonyl derivatives of the cis-products undergo an unexpected 1,6- 
elimination of hydrogen cyanide with formation of pyridinium derivatives; 
e.g., the oximes yield the pyridine N-oxides (VIII; X = O). 


ALTHOUGH pyrylium salts react with nearly all nucleophilic reagents,! the reaction of 
monocyclic pyrylium salts with cyanide ion has not hitherto been investigated. 


1 Dimroth, Angew. Chem., 1960, 72, 331; Katritzky and Lagowski, “‘ Heterocyclic Chemistry,” 


Methuen, London, 1960, chapter 2, and especially p. 69; Studii si Cercetavi Chim. (Acad. R.P.R.), 1961. 
9, 251. 
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Trimethylpyrylium perchlorate? ([a) reacts smoothly with cold aqueous sodium 
cyanide, with practically no thermal effect, yielding a yellow oil, C;H,,NO, which gradually 
evolves hydrogen cyanide but can be distilled at reduced pressure. It readily yields carbonyl 
derivatives and is oxidised by hypobromite to a crystalline acid CsSHyNO,. Whereas the 
ketone is resinified by hot alkali, the acid undergoes alkaline hydrolysis to a dibasic acid 
CgH,,90O,. The infrared absorption spectrum of the ketone shows a carbonyl-stretching 
band at 1616 and a sharp nitrile band at 2216 cm. and is therefore assigned formula 
(IIIa). This accords with the usual addition of nucleophilic agents to the «-position of 
the pyrylium cation (e.g., with hydroxide ion to yield pseudobases and phenols,? with 
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hydrogen peroxide to yield 2-acyl-furans,‘ etc.) |The process is depicted by us as involving 
a cyclic intermediate (II), though no experimental support has been found in the present 
case for tautomerism (II) == (IIT).6 

The ketone (IIIa) gives two unexpected reactions. First, it shows a surprisingly high 
basicity; it dissolves at once in concentrated acids, the solution gradually becoming 
pink. Ifthe solution in concentrated hydrochloric acid is immediately diluted with water, 
a stable solid isomeric form of the ketone is obtained. The carbonyl derivatives of this 
and the acid obtained from it by hypobromite melt higher than the corresponding deriv- 
atives of the, ketone (IIIa). We postulate a cation, for example (IVa), in concentrated 
acids, that assumes the most stable configuration and on dilution affords the new form 
(Va), obtained. We postulate a cis —» trans-isomerisation on the following grounds: 
If the double bond next to the cyano-group were also involved, four stereoisomers should 
be obtained, whereas we obtained only two. The other double bond certainly has a 
cis-configuration in the original product (III) since this originates from the cyclic com- 
pound (I), but one cannot determine a priori the spatial arrangement of the CR°CN group 
since the cyanide ion may approach from either side of the plane of the aromatic ring. 
On ring opening, however, only one—the more stable—arrangement of the CR°CN group 
will be formed, because on passing from the cyclic product (II) to the open-chain form 
(III) the carbon atom changes from s*- back to sf?-hybridisation and the R and the 
CN group are equivalent in this process. Since, then, the CR*CN.group has already the 
more stable configuration in the ketone (III), no isomerisation of it can occur on treatment 
with the acid catalyst, so that only two of the four cis-trans-isomers are isolated. 

The infrared absorption spectra of the cyano-ketones (IIIa) and (Va) are consistent 
with these assumptions. There is only one other instance of a butadiene substituted in 
* Balaban and Nenitzescu, J., 1961, 3553; Praill and Whitear, Proc. Chem. Soc., 1959, 312. 

3 (a) Baeyer and Piccard, Annalen, 1911, 384, 208; 1914, 407, 382; (b) Balaban and Nenitzescu, 
Annalen, 1959, 625, 77. 


4 Balaban and Nenitzescu, Chem. Ber., 1960, 98, 599. 
5 (a) Kébrich, Angew. Chem., 1960, 72, 348; (b) Berson, J. Amer. Chem. Soc., 1952, 74, 358. 
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1 and 4 positions with electron-attracting substituents, namely, 1,4-dinitrobutadiene,® 
and this does not show the usual diene reactions. 

The second unexpected reaction was observed with the carbonyl derivatives of com- 
pound (III). The 2,4-dinitrophenylhydrazone of (IIIa) melted with decomposition at 
140°, then resolidified to give a higher-melting derivative. On a larger scale, it was 
established that hydrogen cyanide was evolved at 140°, and an orange-coloured compound 
melting at 225° remained. The ultraviolet spectrum of this was similar to that of the 
peep iieicinariundis of the ketones (IIIa) and (Va), so that it was difficult to 
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suppose that it was a diazepine derivative (formed through 1,7-elimination of CN and 
of N-bound hydrogen) or a hydrazobenzene derivative (through 1,6-elimination of CN 
and of methyl-hydrogen). The same decomposition occurred at 140—145° with the 2,6-di- 
and the 2,4,6-tri-nitrophenylhydrazones, but the phenylhydrazone and #/-nitrophenyl- 
hydrazone of (III) did not behave in this way. 

The course of this curious elimination of hydrogen cyanide was made clear by a study 
of the oximes. The oxime slowly evolved hydrogen cyanide, even at room temperature, 
and after a few days became a liquid, which on exposure to the atmosphere, crystallised 
to a colourless compound, m. p. 45°. Distillation of the liquid afforded a single product, 
2,4,6-trimethylpyridinium l-oxide. The solid of m. p. 45° is its hydrate. The reaction 
thus involves the formation of a pyridinium compound pictured as a 1,6-elimination 
(VII —» VIII) (no mechanistic implication is to be attached to these formule). The 
reaction seems to be catalysed by acids (through IX) and bases (through X), so that 
the term “ 1,6-elimination ’’ does not properly apply to the latter process, but here is 
meant to imply the formation of a 6-membered ring. In confirmation of this elimination 
the ketone (IIIa) with aqueous-ethanolic ammonia gave 1,3,5-collidine (XI) in 35% 
yield. 

By analogy, we assume the formation of the compound (VIII; X = NAr) in the 
decomposition of arylhydrazones. Such anhydropyridinium betaines may be prepared 
from pyrylium salts and phenylhydrazine derivatives.’ Spectral studies of these com- 
pounds are in progress. 

It is noteworthy that the semicarbazone does not eliminate hydrogen cyanide, which 
is undoubtedly related to the lack of reactivity of pyrylium salts towards urea since the 
two reactions would afford the same pyridinium betaine (VIII; X = CO-NH,). 

These reactions were applied to other symmetrically substituted 2,4,6-trialkylpyrylium 
salts (1). The new compounds thus prepared are recorded in Tables 1—4. With increasing 
bulk of the alkyl groups, the cis — trans-isomerisation became more difficult and it 
did not occur with ketone (IIle). All 2,4-dinitrophenylhydrazones of the cis-ketones 
(Il1la—e) eliminated hydrogen cyanide with formation of higher-melting pyridinium 
betaines, and no such reaction was observed with any of the derivatives of the trans- 
ketones (V). 

Reactions of pyrylium salts with nucleophiles proceed in one of three ways: (i) with 
ring opening to give unsaturated ketones (with one mole of Grignard reagent,®* or with 
CN~); (ii) with formation of a new ring embodying the nucleophile (with X-CH,,! primary 

® Perekalin and Lerner, Doklady Akad. Nauk S.S.S.R., 1959, 129, 1303; 'Novikov, Korsakova, and 
Babievsky, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1960, 944. 


7 Schneider and his co-workers, Annalen, 1924, 488, 115, 147; Ber., 1928, 61, 2445; 1941, 74, 
1252; Dimroth, Arnoldy, von Eicken, and Schiffler, Annalen, 1957, 604, 221. 
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TABLE 4. Anhydro-pyridinium betaines * (VIII; X = NAr) obtained through 
elimination of HCN from arylhydrazones of cis-cyano-ketones (III). 


Compound ‘ 


which Required (%) Found (%) 
eliminates HCN Formula M. p. Cc H N Cc H N 
(2,4-DNP CygQHyyN,O, 225° 55-6 4:7 18-5 55:6 4-75 18-6 
a } 2,6-DNP CreHiaN yOu 210 55-6 47 185 559 48 18-7 
2,4,6-TNP CusthisNs Os 259 48-4 3:8 20-2 48:3 3-9 20-2 
b (2,4-DNP C,;HigN,6 173 56-95 5-1 17-7 57-2 85-0 17-7 
‘ ms Cc Hag of 153 58-2 55 17-0 58:2 55 17-0 
d a 7 HNO. 200 58-2 55 170 57:9 56 17-1 
e CygH NO, 220 60-3 62 156 605 62 15-7 
’ Recry stallized from ethanol or 50°, ethanol. DNP = dinitrophenylhydrazone; TNP = tri- 


nitrophenylhydrazone. 


amines,' hydrogen sulphide,’ and probably H,}8O); and (iii) with formation of a new ring 
embodying the side-chain (with HO~,3 secondary amines,5* and -Me,N-C,H,MgBr °). 


Me Me 
Reaction (i): | 7™ i. oO 1 Me 
Me\_+27Me Me, 
o S Ss 


These reactions may be unified by the following generalisation: if the nucleophile has two 
hydrogen atoms, path (ii) is followed; if it does not have two hydrogen atoms, the nucleo- 
phile cannot take part in an aromatic ring and yields either the unsaturated ketone (path i) 
Me Me 
Reaction (ii): ai "il 
| Me —>Me | 
a Me\ 


fe 
O AH % 
Me Me aa oe -. ~H20 


_ +H AX 7 - aN oles = 
Pe ees (J 
eN ta Me 7. 2A-X 
1°) Ay Me Me\ +27Me 
—. 
-H,0 — wee Oy 


x X 


if it introduces an electron-attracting group, or the benzene derivative (path iii) if the 
substituent is electron-repelling and the pyrylium cation has an «-methylene group. 


Reaction (iii): 


Me Me Me Me 
ad -Ht o ” if on S 
} ¥ aon | ¥ — Me | it | 
Me\ Me\Y a Y Me\ AY 
O ~Me O ~CH; “0” ey 
C . 


This generalisation may be accounted for as follows: The conjugation energy favours 
formation of a new aromatic system, when possible; this happens in reaction (ii). In 
reaction (i) condensation between the carbonyl and the methyl group is prevented by a 
substituent X that does not allow the localization-of an unshared electron pair on the methyl- 
carbon atom. With electron-donating substituents Y (reaction iii), the unsaturated 
ketone formed as intermediate may undergo a crotonic condensation in a basic medium 
and at higher temperatures. 

The cis-trans-relation are also of importance in all three types of reactions (see also 
ref. 10. 

The readiness of the reaction between pyrylium salts and cyanide ion, and the absence 
of significant thermal effect, are a proof of the high chemical potential of the pyrylium 


8 Wizinger and Ulrich, Helv. Chim. Acta, 1956, 39, 207, 217. 
® Diels and Alder, Ber., 1927, 60, 716. 
10 Krdhnke and Dickoré, Chem. Ber., 1959, 92, 46. 
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nucleus which, despite its aromaticity, is easily opened in such mild conditions. By 
contrast, the opening of nitrogen-heterocycles requires more drastic conditions (cf., for 
instance, the ring opening of pyridinium derivatives with electron-attracting N-sub- 
stituents). In the reaction of nitrogen heterocycles with cyanide ion, e.g., in the formation 
of Reissert compounds from quinoline " or of cyanopyridines from N-alkoxypyridinium 
salts,!? the cyclic structure of the starting materials is preserved. 


EXPERIMENTAL 


Reaction of Pyrylium Perchlovates with Alkali Cyanides.—Sodium cyanide was preferred 
to potassium cyanide because no insoluble perchlorate crystallised in the former case; in other 
respects the two salts reacted similarly. Pyrylium perchlorates (I) were prepared as pre- 
viously.? 34 

The pyrylium perchlorate (1 mol.) was shaken at room temperature for 0-5—1 hr. with 
15—25% aqueous sodium cyanide (2 mol.), sometimes in the presence of ether to assist separ- 
ation. When the pyrylium perchlorate was completely dissolved, the upper brownish-yellow 
layer was separated, washed with water, dried (CaCl,), and either distilled under reduced 
pressure (for IIIa) or used as such (for IIIb—e). The cis-cyano-ketone distilled almost all at one 
temperature, with no forerun and no residue, and the yield was 95—98%. 

Conversion into trans-I somers.—The cis-cyano-ketone (0-1 mol.) was added to hydrochloric 
acid (d 1-19; 40 ml.) and after 30—90 seconds was diluted with water (150 ml.). The product 
was either extracted with ether and converted into derivatives (for Vb—e) after removal of 
ether or was cooled and filtered (for Va) to yield the solid ¢vans-isomer. The conversion usually 
was over 80%, and all tvans-isomers were easily purified owing to their smaller solubility 
and higher m. p.s. The ketones and their carbonyl derivatives are recorded in Tables 1 and 2. 

2,4-Dimethyl-6-oxohepta-|,cis-5-dienonitrile (IIIa), b. p. 96°/1 mm., distilled as a pale yellow 
liquid which rapidly became orange-red; it had d,% 0-9829, n,*> 1-5222, [MR], 60-24 [calc., 
from bond increments: 42-66 (IIIa), 42-34 (IIa)]. The large exaltation is due to conjugation. 
The ketone (1 mol.) (IIIa) and phenylhydrazine (1 mol.) in an equal volume of acetic acid 
were kept in an ice-salt bath; the mixture slowly deposited, on scratching, yellow crystals, 
m. p. 136°, identical with the compound that was formed very rapidly from the tvans-isomer 
(Va) under similar conditions; this is therefore the trans-phenylhydrazone (Found: C, 75-5; 
H, 7-2; N, 17-8. (C,,;H,,N; requires C, 75-3; H, 7-2; N, 17-6%). The cis-phenylhydrazone 
was obtained from the ketone and phenylhydrazine in aqueous-ethanolic hydrochloric acid, 
as a liquid that was slowly converted in ethanolic or acetic acid solution into the tvans-isomer, 
m. p. 136°. 

Catalytic Reduction of ihe cis-Compound (IIIa).—In methanol in the presence of palladium-— 
calcium carbonate the ketone consumed two mol. of hydrogen, -yielding a colourless stable 
substance, b. p. 100°/3 mm., 251°/760 mm., which did not form a 2,4-dinitrophenylhydrazone 
(Found: C, 69-9; H, 9-4; N, 9-3: C,H,,NO requires C, 70-5; H, 9-9; N, 9-1%). 

Catalytic reduction of the tvans-compound (Va) in the same conditions (absorption 1 mol.) 
yielded a liquid which gave a semicarbazone, m. p. 154° (from dilute ethanol) (Found: C, 57-6; 
H, 7-9; N, 26-6. Cy 9H,,N,O requires C, 57-7; H, 7-7; N, 26-9%), and a yellow 2,4-dinitro- 
phenylhydrazone, m. p. 100° (Found: C, 54-2; H, 5-1; N, 21-3. C,;H,,N,O, requires C, 54-4; 
H, 5:2; N, 21-1%). 

Hypobromite Oxidations.—cis-5-Cyano-3-methylsorbic acid, m. p. 118° was obtained in 
80% yield (crude; 50% recrystallized) on oxidation of the cyano-ketone (IIIa) with aqueous 
sodium hypobromite (the yield was lower when a water—dioxan solution was used). Similar 
oxidation of the tvans-cyano-ketone (Va) yielded the tvans-cyano-acid; m. p. 160°. 

M. p.s and analyses of cyano-acids similarly prepared are shown in Table 3. The cis-acids 
are not converted by concentrated hydrochloric acid into the trans-isomers. 

2,4-Dimethylmuconic acid was obtained on alkaline hydrolysis of the above-mentioned 
cis-cyano-acid (m. p. 118°) with refluxing 10% aqueous sodium or potassium hydroxide (2 equiv. ; 
10—12 hr.). Acidification with hydrochloric acid precipitated the muconic acid (12%), m. p. 
202° (from water) (Found: C, 56-3; H, 5-7. C,H,9O, requires C, 56-5; H, 5-9%). Continuous 
extraction of the filtrate with ether and evaporation left a more soluble dibasic acid, m. p. 


11 McEwen and Cobb, Chem. Rev., 1955, 55, 511. 
12 Feely and Beavers, J. Amer. Chem. Soc., 1959, 81, 4004. 
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ca. 150°, which could not be conveniently purified but was identical with the only acid obtained 
on similar hydrolysis of the ¢vans-cyano-acid (m. p. 160°). 

Betaines (VIII; X = NAr).—The betaines obtained on elimination of hydrogen cyanide 
from molten 2,4-dinitrophenylhydrazones of the cis-ketones are shown in Table 4. 

2,4,6-Trimethylpyridine 1-Oxide-—The oxime of the cyano-ketone (IIIa) was prepared with 
hydroxylamine hydrochloride and an excess of sodium acetate in water, enough ethanol being 
added to give a homogeneous solution at 40°; the mixture was cooled at 0° and filtered after 
$hr. The crude oxime could be kept for 2 days; the oxime recrystallised from ethanol—water 
at <50° was stable for 4 days. It slowly evolved hydrogen cyanide and became a clear yellow 
hygroscopic liquid, more rapidly on mild heating. Distillation under reduced pressure then 
gave a small forerun (water), and a colourless liquid, b. p. 118°/2 mm. (88% yield), that in air 
yielded white crystals, m. p. 45—46°, of 2,4,6-collidine l-oxide hydrate. Schmitz } reported 
the formation of pyridine oxides from pyrylium salts and hydroxylamine. We indepen- 
dently described this reaction later.” 

The oxide was converted into the following derivatives: picrate, m. p. 173° (from methanol), 
no depression with collidine oxide picrate, prepared from trimethylpyrylium perchlorate and 
hydroxylamine or from collidine and hydrogen peroxide; **»" picrolonate, m. p. 195° (from 
methanol) (Found: N, 17-4. C,gH,gN,;O, requires N, 17-4%); chloroplatinate, m. p. 216° 
(decomp.) (from 1% hydrochloric acid) (Found: C, 28-4; H, 3-6; N, 4-0; Cl, 30-95; Pt, 28-4. 
C,,H,,Cl,N,O,Pt requires C, 28-1; H, 3-5; N, 4-1; Cl, 31-1; Pt, 28-5%); and perchlorate, m. p. 
176° (Found: N, 5:7. OC ,H,,CINO, requires N, 5-9%). 

Reaction with Ammonia.—2,4,6-Trimethylpyridine was obtained in 35% yield when the 
ketone (IIIa) (15 g.) was refluxed for 15 hr. with aqueous ammonia (d 0-88; 75 ml.) and 
ethanol (50 ml.); dilution with water, extraction with ether, drying (NaOH), and distillation 
at 90 mm. gave a small forerun and a residue which deposited crystals, m. p. ca. 125°; but the 
bulk of the distillate had b. p. 102°/90 mm. and yielded 2,4,6-trimethylpyridine picrate, m. p. 
and mixed m. p. 157°. 

Spectra.—(a) Ultraviolet absorption spectra were determined for methanol solutions unless 
otherwise specified. Wavelengths are given in my and ¢ in parentheses: 

(i) cis-Cyano-ketone (IIIa): min. 226 (3400); max. 279 (13,200). 

(ii) cis-Cyano-acid, m. p. 118°, from NaOBr oxidation of the foregoing ketone: min. 217 
(3800); max. 268 (17,400). 

(iii) 2,4-Dimethylmuconic acid, m. p. 202°, from alkaline hydrolysis of the previous acid: 
min. 223 (4900); max. 267 (10,900). 

(iv) tvans-Cyano-ketone (Va): min. 225 (2200); max. 279 (15,200). 

(v) 2,4-Dinitrophenylhydrazone of the cis-cyano-ketone (IIIa): max. 248 (19,700); min. 
307 (4400); max. 334 (23,000). In chloroform: max. 258 (22,000); min. 310 (6500); max. 328 
(22,600). 

(vi) Pyridinium betaine from the preceding compound: max. 245 (19,000); 302 (700); 
max. 390 (27,500). 

(vii) 2,4-Dinitrophenylhydrazone of the tvans-cyano-ketone (Va): max. 245 (18,500), with 
fine structure; min. 288 (10,200); max. 301 (10,800); min. 326 (7100); max. 390 (31,500). 

(b) Infrared absorption spectra were determined for CCl, and CS, solutions: 

(i) cis-Cyano-ketone (IIIa): 513w, 542w, 579m, 612s, 624s, 659m, 762m, 792m, 837s, 883w, 
908m, 972vs, 1025m, 1034s, 1074w, 1180vs, 1205w, 1252s, 1293m, 1362vs, 1390vs, 1430w, 
1452vs, 1582vs, 1616vs, 1687vs, 1692vs, 1804w, 2216s, 2859m, 2884m, 2925s, 2962s, 2895m, 
3049m, 3067m, 3352w, 3345w, 3633w. 

(ii) ¢tvans-Cyano-ketone (Va): 512m, 542w, 581m, 606vs, 624s, 658m, 673m, 690m, 762m, 
793s, 838s, 914s, 972vs, 1020m, 1038s, 1180vs, 1248s, 1295w, 136lvs, 1388vs, 1430w, 1450vs, 
158lvs, 1614vs, 1685vs, 1693vs, 1800w, 2217s, 2858m, 2888m, 2926s, 2960s, 3000m, 3040vw, 
3070vw, 3358w, 3560w, 3630w. 


All analyses were performed by Miss Elvira Sliam and Miss Violeta Sandulescu. Infrared 
spectra were recorded with an automatic UR10 spectrophotometer by G. Mateescu. 


LABORATORY OF ORGANIC CHEMISTRY, POLITECHNICAL INSTITUTE, 
BUCHAREST, ROUMANIA. [Received, August 11th, 1960.] 


13 Schmitz, Chem. Ber., 1958, 91, 1488. 
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700. Pyrylium Salts and Related Compounds. Part I. The 
Reaction between Olefins and Acylium Perchlorates. 


By P. F. G. Pratty and A. L. WHITEAR. 


t-Buty] alcohol and t-pentyl alcohol react with acid anhydride—perchloric 
acid mixtures to give esters, and either olefins or pyrylium perchlorates, 
depending on the conditions. Evidence is presented that the conversion 
involves the formation of By-unsaturated ketones. The pyrylium salts have 
been characterised by converting them into the corresponding alkylpyridines. 


SOME years ago we became interested in reactions between tertiary alcohols and acylium 
perchlorates, and in the addition of acylium perchlorates to olefins.2 Recently we 
published two preliminary notes relating to these reactions. Meanwhile, a more detailed 
investigation of a similar kind has been presented by Balaban and Nenitzescu.5 A fuller 
account of our work with the perchlorates is now given. 

When perchloric acid is added to an ice-cold mixture of t-butyl alcohol and excess of 
acetic anhydride, crystals soon separate and the mixture slowly becomes brown. The 
solid is 2,4,6-trimethylpyrylium perchlorate (75% yield). The salt was previously 
prepared by Schneider and Sack from the corresponding sulphoacetate,® and by Diels and 
Alder by the action of acetic anhydride and perchloric acid on mesityl oxide.’ It seemed 
reasonable to suppose that under our conditions the pyrylium salt arose from mesityl oxide 
formed in situ by the action of acetylium perchlorate on isobutene. Kondakov showed § 
that the acid-catalysed reaction between acetic anhydride and isobutene yields mesityl 
oxide, and it is known that the reaction of Friedel-Crafts acylating agents with olefins 
can give unsaturated ketones.® Using isobutene in place of t-butyl alcohol we obtained 
78% yields of the pyrylium salt. However, under the same conditions, mesityl oxide gave 


R2 R2 R? OH. 
R.» ap? — 2 ae ee oe ao 
R'H,C* SCHR? =—————> RCS CHR? <—— __1H,C* “CHR? 
H ..cR* icR* 
(I) m0 (II) o 
; R? R? R2 
=e Ci Pn, ' 3 
an: Hts tue cnn? = RCO R'HC™ CHR? -—> K (*. 
c RA 4 R*C +R 
eR" R*-CO_CR * 


(111) 


only 46% yields of 2,4,6-trimethylpyrylium perchlorate. Although no other products 
have been isolated from the last reaction, it is clear from the dark colour of the reaction 
mixture that the ketone undergoes reactions other than pyrylium salt formation. These 
results suggest that when t-butyl alcohol is used, a reactive intermediate must be formed 
that is rapidly converted into the pyrylium salt. Our results can be explained if one 
supposes the intermediate to be the @y-unsaturated ketone, and Balaban and Nenitzescu 
have come to a similar conclusion.5 High yields (87%) of 2,4,6-trimethylpyrylium 


Praill, Ph.D. Thesis, London, 1954. 

Burton and Praill, Chem. and Ind., 1954, 75. 
Praill, Chem. and Ind., 1959, 1123. 

Praill and Whitear, Proc. Chem. Soc., 1959, 312. 
Balaban and Nenitzescu, Annalen, 1959, 625, 74. 
Schneider and Sack, Ber., 1923, 56, 1786. 

Diels and Alder, Ber., 1927, 60, 716. 

Kondakov, J. Russ. Phys. Chem. Soc., 1894, 26, 12. 
Cf. Baddeley, Quart. Rev., 1954, 8, 375. 
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perchlorate were obtained when 4-methylpent-4-en-2-one was used in place of 4-methylpent- 
3-en-2-one. The tertiary carbonium ion resulting from the attack of acylating agent on the 
olefin (I), appears to lose a proton preferentially from the terminal position. Loss of a 
proton from this position might well be assisted by the basic properties of the intramolecular 
carbonyl-oxygen, as in (II). Supporting evidence for this supposition has been discussed 
elsewhere.! 

Normally the Sy-unsaturated ketone would be expected to isomerise to the «$-com- 
pound," but in the presence of excess of acylating agent further reaction could occur to 
give what is essentially the protonated form (III) of an unsaturated 1,5-diketone. It is 
well known ® that under acid conditions such compounds readily lose the elements of 
water to give pyrylium salts. The formation of a pyrylium salt from mesityl oxide can be 
interpreted in terms of a relatively slow conversion of the «$-form into the By-form. The 
experimental conditions allow competing reactions to occur, and a low yield of pyrylium 
salt results. 

It might be expected that dehydration of diacetone alcohol would give rise to the same 
intermediate carbonium ion (II; Rt = R? = H, R? = R*= Me). In conditions similar 
to those used above, diacetone alcohol gave a 72% yield of 2,4,6-trimethylpyrylium 
perchlorate. 

To gain further information about the initial stages of the reaction we decided to 
examine how easily olefin could be produced from t-butyl alcohol. Evolution of isobutene 
from boiling mixtures of the alcohol and acetic anhydride (1 : 1) was slow, although Gutman 
and Hickinbottom ™ have successfully used acid anhydrides for the dehydration of certain 
tertiary alcohols. However, when a trace of perchloric acid was added to the cold 
mixtures, a vigorous reaction occurred after a short induction period. A considerable 
amount of isobutene was evolved but it was difficult to reproduce the yields. Apart from 
isobutene, the major products isolated were di-isobutene and t-butyl acetate. By 
lengthening the reaction time it was found that more di-isobutene was formed at the 
expense of the t-butyl acetate, but this was a slow reaction. This indicates that under 
these conditions the esterification is reversible, in agreement with the well-established 
alkyl-oxygen fission of t-butyl esters #16 and their acetolysis.17 The equilibria established 
in the reversible addition of carboxylic acids to isobutene have been investigated by 
Altshul.48 In our experiments it is clear that equilibrium conditions are not attained 
owing to the irreversible polymerisation of the olefin. Our results are consistent with the 
following scheme: 

Butt + AcOH 


ButOH + Act ——te BuO 
Nac 


Ju —_ 
= 


ButOAc + H+ 


The tertiary carbonium ion may react with acetic acid to give ester,1*°° or with a molecule 
of isobutene to give dimeric material. The formation of simple oligomers, rather than 
high polymers, by the action of acyl perchlorates on isobutene has also been observed by 
Longworth and Plesch.4 


10 Praill and Saville, Chem. and Ind., 1960, 495. 

11 Stross, Monger, and Finch, J. Amer. Chem. Soc., 1947, 69, 1627. 

12 Baeyer and Piccard, Annalen, 1911, $84, 208; 1915, 407, 332; Klages and Trager, Chem. Ber., 
1953, 86, 1327. 

13 Gutman and Hickinbottom, J., 1951, 3344. 

14 Cohen and Schneider, J. Amer. Chem. Soc., 1941, 68, 3382. 

18 Bunton, Comyns, and Wood, Research, 1951, 4, 383. 

16 Cf. Davies and Kenyon, Quart. Rev., 1955, 9, 221. 

17 Cohen, J. Amer. Chem. Soc., 1944, 66, 1395. 

18 Altshul, J. Amer. Chem. Soc., 1946, 68, 2605. 

1® Knight, Koos, and Swern, J. Amer. Chem. Soc., 1953, 75, 6212. 

20 Bertram and Walbaum, J. prakt. Chem., 1894, 49, 1. 

21 Longworth and Plesch, Proc. Chem. Soc. ,1958, 117. 
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Bourne, Stacey, Tatlow, and Worrall ** have shown that t-butyl trifluoroacetate is 
readily formed from t-butyl acetate and trifluoroacetic acid, or from the alcohol and acetyl 
trifluoroacetate. By analogy, we should expect to obtain t-butyl perchlorate, but since 
perchloric acid is stronger than trifluoroacetic acid, t-butyl perchlorate is less stable than 
the trifluoroacetate, and only products to be expected from tertiary carbonium ions can 
be isolated. 

The initial, rapid formation of isobutene in our experiments indicates that an altern- 
ative path to the olefin might be operating. This could be protonation of the alcohol 
followed by the loss of water. Ciapetta and Kilpatrick * have shown that the equilibrium 
ButOH + Ht == But* + H,0 lies to the left. Under the conditions we have used, this 
reaction would be forced to the right, both by loss of isobutene, and by loss of water through 
the rapid acid-catalysed reaction with acetic anhydride.** At present, the information 
available does not distinguish between the above pathways to the olefin. 

When similar reactions were carried out with t-pentyl alcohol the system was 
complicated by the formation of a mixture of olefins. Here, with equimolecular amounts 
of acetic anhydride and the alcohol, the amount of monomeric olefin obtained was about 
50% of the theofetical. The mixture contained 93—97% of 2-methylbut-2-ene, the 
remainder being 2-methylbut-l-ene. This result is consistent with the proposals of 
Ingold, Hughes, e¢ a/.26?? and of Brown and Moritani* on eliminations following the 
Saytzeff rule, and offers further support for carbonium-ion intermediates. Here too, 
with excess of acetic anhydride, high yields of mixtures of 2,3,4,6-tetramethylpyrylium 
perchlorate with some 4-ethyl-2,6-dimethylpyrylium perchlorate were obtained. Balaban 
and Nenitzescu 5 observed that from t-pentyl chloride, acetyl chloride, and aluminium 
chloride only the 4-ethyl-2,6-dimethyl salt could be isolated. To substantiate these 
observations we carried out experiments with pure 2-methylbut-l- and -2-ene. The 
latter with acetic anhydride gave a product that contained 82% of the tetramethyl- 
pyrylium perchlorate, but 2-methylbut-l-ene yielded only 67% of this isomer, indicating 
that some isomerisation of the olefins took place, contrary to observations on acid- 
catalysed additions in aqueous media.” The yields of the various products will 
depend on the relative rates of isomerisation and acylation of the olefin which we may 
expect to be markedly affected by the composition of the medium, ¢.g., the ratio of acid to 
acid anhydride. We confirm Balaban and Nenitzescu’s observation regarding the 4-ethyl- 
2,6-dimethylpyrylium salt under their conditions, and this also suggests that the extent 
and direction of the reaction alter with the conditions. 

Balaban and Nenitzescu suggested that pyrylium salts are formed when the initial 
attack of acylium ion on the olefin gives a tertiary carbonium ion. We have shown that 
the reaction can be extended to cases where tertiary carbonium ions cannot be formed. 
Pent-l-ene gave small amounts of 3-ethyl-2,6-dimethylpyrylium perchlorate; pent-2-ene 
gave the 2,3,5,6-tetramethyl compound in 30% yield. 

Since many of the pyrylium perchlorates were not easy to crystallise, especially when 
impure, the compounds were best characterised by conversion into pyridines with aqueous 
ammonia or with ammonium acetate in acetic acid. The reaction was extended to the 
preparation of 5,6,7,8-tetrahydro-1,3-dimethylisoquinoline by starting with 1-methyl- 
cyclohexene. Nenitzescu and his colleagues have obtained the same, compound from the 
isomeric methylenecyclohexane.*” 


22 Bourne, Stacey, Tatlow, and Worrall, J., 1958, 3268. 

23 Burton, Munday, and Praill, J., 1956, 3933. 

24 Ciapetta and Kilpatrick, J]. Amer. Chem. Soc., 1948, 70, 639. 

25 Yvernault, Compt. rend., 1955, 241, 485. 

26 Dhar, Hughes, Ingold, Mandour, Maw, and Woolf, /., 1948, 2093. 

27 Hughes, Ingold, and Shiner, J., 1953, 3837. 

28 Brown and Moritani, J. Amer. Chem. Soc., 1955, 77, 3607. 

29 Levy, Taft, and Hammett, J. Amer. Chem. Soc., 1953, '75, 1253. 

30 Personal communication, cf. also, Tetvahedvon Letters, 1960, No. 2, 7. 
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EXPERIMENTAL 

Materials.—Wherever possible ‘‘ AnalaR’”’ materials were used; other reagents were re- 
distilled before use. The olefins were examined for purity by vapour-phase chromatography 
through a column of Celite 545 (60—80 mesh) containing 30% of Silicone E/301. 

Reactions with t-Butyl Alcohol and Acetic Anhydride.—(i) A mixture of t-butyl alcohol 
(0-3 mole) and acetic anhydride (0-3 mole) was cooled in ice-salt, and 70% perchloric acid 
(0-2 ml., 0-003 mole) was added. A vigorous reaction occurred after a few minutes with the 
evolution of isobutene (3-9 g.) which was collected in a trap cooled by carbon dioxide. After 
2 hr. the mixture was poured into water and extracted thrice with ether. The ethereal solution 
was washed with sodium carbonate solution, dried (Na,SO,), and evaporated. Distillation of 
the residue gave material boiling mainly at 94—98° (19-5 g.). The ester content (90-3%) was 
determined by saponification; unsaturated material (5-1% as di-isobutene) was determined 
iodometrically. There was a higher-boiling residue (3-3 g.). 

A similar mixture that had been left for 3 days gave material, b. p. 95—100° (13-4 g.), that 
contained 82-8% of t-butyl acetate and 10% of di-isobutene. 

(ii) t-Butyl acetate, b. p. 97-5—98-5° (30 g.), was dissolved in 0-2N-perchloric acid in glacial 
acetic acid (20 ml.) and left at room temperature for 5 days. Vapour-phase chromatography 
of the recovered material showed that it contained traces of isobutene, more di-isobutene, and 
unchanged ester. 

(iii) When experiment (i) was repeated with acetic anhydride (0-91 mole) a few crystals of 
2,4,6-trimethylpyrylium perchlorate separated. The following fractions were obtained: b. p. 
80—100° (4:5 g.), mainly t-butyl acetate; b. p. 100—104° (7-9 g.), mainly di-isobutene; b. p. 
104—106° (2-8 g.);_ b. p. 172—176° (1-1 g.), tri-isobutene; residue (1-7 g.). 

(iv) t-Butyl alcohol (0-5 mole) and acetic anhydride (0-5 mole) were refluxed together for 
5$hr. There was a slow evolution of isobutene and, when the mixture was worked up, t-butyl 
acetate (22-2 g.) containing a little unchanged alcohol was obtained. 

(v) 72% Perchloric acid (0-12 mole) was slowly added, with stirring, to an ice-cooled mixture 
of t-butyl alcohol (0-6 mole) and acetic anhydride (3-0 moles). Solid soon began to be formed, 
but to ensure complete separation the mixture was left overnight. The pyrylium salt 
(0-09 mole), when recrystallised from acetic acid, gave colourless needles, m. p. 250° (decomp.) 
(Balaban and Nenitzescu® give m. p. 245—246°), Amax, 234 (¢ 5340), 284 (c 9020 in H,O) 
[Balaban, Sahina, and Keplinger *! give Anax, 233 (¢ 5450), 284 my (e 7900 in H,O), and noted a 
reduction of intensity on irradiation}. When an equivalent amount of sodium hydroxide was 
added to the aqueous solution a new peak appeared, with Amax, 242 my (¢ 9600). Woodward *? 
has shown that disubstituted «8-unsaturated ketones have similar absorption characteristics. 

In order to capture some of the By-unsaturated ketone, mixtures similar to the above were 
rapidly quenched with an excess of 2,4-dinitrophenylhydrazine in acetic acid. A little mesityl 
oxide 2,4-dinitrophenylhydrazone was obtained (m. p. and mixed m. p.) but even after 4}— 
1 min. an 11% yield of 2,4,6-trimethylpyrylium perchlorate was isolated. 

The pyrylium salt with p-toluidine in ethanol gave 2,4,6-trimethyl-p-tolylpyridinium 
perchlorate, pale yellow plates (from ethanol), m. p. 145—146° (Found: C, 58-1; H, 6-2; N, 4-4; 
Cl, 11-2. C,,;H,,CINO, requires C, 57-8; H, 5-8; N, 4-5; Cl, 11-4%) (Baeyer and Piccard * give 
m. p. 141—142?). 

Treating the pyrylium salt with ammonia (d 0-880) gave 2,4,6-trimethylpyridine (57%). 
This and its picrate, m. p. 157° (Found: N, 15-9. Calc. for C,,H,,O,N,: N, 16-0%), had 
properties identical with those of commercial 2,4,6-trimethylpyridine and its picrate. 

A cleaner product was obtained, in 76% yield; if the conversion was brought about by 
dissolving the salt in 10% acetic acid (8 vols.), adding ammonia (d 0-88; 14 vols.), and refluxing 
the whole for 90 min.** All other pyridines were prepared by this method. 

Reactions with t-Pentyl Alcohol and Acetic Anhydride.—(i) 72% Perchloric acid (0-005 mole) 
was added to a mixture of t-pentyl alcohol (0-51 mole) and acetic anhydride (0-51 mole). After 
20 hr. the mixture was worked up as above, but without the ether-extraction; distillation gave 
fractions: b. p. 38-5—39-5° (18-2 g.);_ b. p. 39—110° (1-7 g.);_ b. p. 116—124° (9 g.); residue 
(5-2 g.). Vapour-phase chromatography of samples taken from similar mixtures at intervals 

31 Personal communication. 

32 Woodward, J]. Amer. Chem. Soc., 1941, 68, 1123; 1942, 64, 76. 

33 Baeyer and Piccard, Annalen, 1911, 384, 219. 

%4 Cf. Frank and Meikle, J. Amer. Chem. Soc., 1950, 72, 4184. 
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showed that the olefin contained 93—97% of 2-methylbut-2-ene and 3—7% of 2-methylbut- 
l-ene, by comparison with known mixtures. Analysis of the olefin mixtures by means of their 
refractive indices tended to indicate too high a proportion of 2-methylbut-2-ene. Gas chrom- 
atography gave good agreement with mixtures of known composition. 

(ii) When a mixture of t-pentyl alcohol (0-11 mole) and acetic anhydride (1-5 mole) was 
treated with perchloric acid (0-06 mole) no solid separated. The mixture was poured into ether 
(300 ml.), and the precipitated pyrylium salt (0-04 mole) was collected. Quantitative separ- 
ation of the mixed pyrylium perchlorates was unsuccessful. 

Acylation of Olefins—General procedure. The olefin (0-06 mole) in the acid anhydride 
(20 ml.) was slowly added during about 15 min. to an ice-cold solution of perchloric acid 
(0-05 mole) in the acid anhydride (50 ml.). After $ hr. (or several hours in the case of less 
reactive olefins), the mixture was poured into ether (300 ml.) and left at 0° overnight. Next 
day the ethereal solution was decanted from the precipitate which was often dark and gummy. 
On treatment with a little fresh ether the residue usually solidified. The perchlorate could 
then be recrystallised from a suitable solvent or converted into the pyridine. 

Isobutene. This was freshly prepared from t-butyl alcohol and 50% sulphuric acid. 
Reaction with acetic anhydride gave 2,4,6-trimethylpyrylium perchlorate in 78% yield. 

Propionic anhydride in place of acetic anhydride gave a 55% yield of 2,6-diethyl-4-methyl- 
pyrylium perchlorate, plates (from acetic acid), m. p. 192° (Found: C, 47-6; H, 5-9; Cl, 14-9. 
Calc. for C,gH,;0,ClO,: C, 47-9; H, 6-0; Cl, 14:2%) (Balaban and Nenitzescu ® give m. p. 189°). 
The salt was converted into 2,6-diethyl-4-methylpyridine, b. p. 180—182°/765 mm., »,?* 
1-4922 [picrate, needles (from water), m. p. 140° (Found: C, 51-1; H, 4-9; N, 14-6. Calc. for 
C,,H,,N,0,: C, 50-9; H, 4:8; N, 14-8%) (Balaban and Nenitzescu * give b. p. 195° and m. p. 
139°)].  1-p-Tolylpyridinium perchlorate crystallised in plates (from water), m. p. 144° (Found: 
C, 60-5; H, 6-9; N, 4-1. C,,H,.N,ClO, requires C, 60-1; H, 6-5; N, 4:1%). 

2-Methylbut-l-ene. A redistilled commercial sample, b. p. 31—32°, »,*° 1-3887, on reaction 
with acetic anhydride gave a 70% yield of the mixed 2,3,4,6-tetramethyl- and 4-ethyl-2,6-di- 
methyl-pyrylium salts. Attempts to separate the salts were not successful; only small amounts 
of the less soluble 4-ethyl-2,6-dimethyl compound were obtained by recrystallisation from water. 
The aqueous solutions were thermochromic, being blue when hot and pink when cold. The 
pyridines obtained from them had a boiling range of 192—199°. Vapour-phase chrom- 
atography showed the composition to be 4-ethyl-2,6-dimethylpyridine 33% and 2,3,4,6-tetra- 
methylpyridine 67%. 

2-Methylbut-2-ene. A redistilled commercial sample, b. p. 38-4—38-7°, »,?° 1-3874, with 
acetic anhydride gave a mixture of pyrylium salts; repeated crystallisation from ethyl acetate— 
acetic acid (4: 1) gave needles, m. p. 189° (Found: C, 45-6; H, 5-5. Calc. for CgH,,ClO;: C, 
45-7; H, 5-5%) (Balaban and Nenitzescu ® give m. p. 189—190° for the 4-ethyl-2,6-dimethyl- 
pyrylium perchlorate). A mixed m. p. with material obtained by the method of Balaban and 
Nenitzescu gave no depression; the composition of this compound has been established by 
these workers (personal communication). 

The mixture of pyrylium salts was converted into the pyridines (61-4% yield), b. p. 199— 
201°, n,,* 1-5068 (Tsuda et al.** give b. p. 203—204° for 2,3,4,6-tetramethylpyridine). Vapour- 
phase chromatography showed our material to contain 2,3,4,6-tetramethyl- (retention time 
7-6 min.) 85% and 4-ethyl-2,6-dimethyl-pyridine (retention time 5-8 min.) 15%. The derived 
picrates, on crystallisation from ethanol, gave needles, m. p. 107° (Found: C, 49-7; H, 4:6; N, 
15-2. Calc. for C,;H,,N,O,: C, 49-5; H, 4:4; N, 15-4%) (lit., 2,3,4,6-tetramethylpyridine 
picrate 107°,°637 123° 35.38: Balaban and Nenitzescu *° have established this as a case of 
dimorphism). The pyridine liberated from this picrate showed, on vapour-phase chrom- 
atography, a single peak with a retention time of 7-6 min. ; 

The 4-ethyl-2,6-dimethylpyrylium perchlorate isolated as above was converted into the 
pyridine (vapour-phase chromatography gave a single peak with retention time of 5-8 min.), and 
its picrate, needles (from ethanol), m. p. 121—122° (Found: N, 15-2. Calc. for C,,H,,.N,O,: 
N, 15-4%) (Balaban and Nenitzescu ® give m. p. 119—129°). 





35 Tsuda, Ikekawa, Mishima, lino, and Morishige, Pharm. Bull. (Japan), 1953, 1, 122. 

36 Eguchi, Bull. Chem. Soc., Japan, 1928, 3, 237. 

37 Van Meter, Bailey, Smith, Moore, Allbright, Jacobson, Hylton, and Ball, Analyt. Chem., 1952, 
24, 1758. 

38 Nisbet and Pryde, Nature .1951, 168, 832. 
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With propionic anhydride in place of acetic anhydride a mixture of 2,4,6-triethyl- and 
2,6-diethyl-3,4-dimethyl-pyrylium perchlorate (74% yield) was obtained. Little success was 
had in the separation of these or the corresponding pyridines. Vapour-phase chromatography 
indicated that approximately equal amounts of each isomer were present. 

Pent-1-ene. We were unable to isolate a pure specimen of a pyrylium salt from this olefin. 
The pyridine was obtained in 14% yield, based on olefin, as a slightly yellow liquid, b. p. 91 
93°/17 mm., 188°/763 mm., »,** 1-5002, and gave a picrate, needles (from ethanol), m. p. 122° 
(Found: C, 49-6; H, 4-6; N, 15-1. Calc. for C,;H,,N,O,: C, 49-5; H, 4:4; N, 15-3%) (Dornow 
and Machens * give b. p. 75°/13 mm.; picrate, m. p. 122°, for 3-ethyl-2,6-dimethylpyridine). 

Pent-2-ene. The dark product obtained on reaction with acetic anhydride was recrystallised 
several times from butan-1-ol, to give pink needles, m. p. 82-5—83-5°. The crude pyrylium salt 
could be converted into the pyridine (21% yield based on olefin), b. p. 94—96°/17 mm., flakes 
(from ether), m. p. 76—77° (Found: C, 79-6; H, 9-9; N, 10-3. Calc. for C,H,,N: C, 80-0; H, 
9-6; N, 10-4%) [picrate, rhombohedra (from ethanol), m. p. 177-5° (Found: C, 50-1; H, 4:7; 
N, 15-2. Calc. for C,;H,,N,O,: C, 49-5; H, 4-4; N, 15-4%) (Tsuda e/ al.** give b. p. 198° and 
m. p. 76° for 2,3,5,6-tetramethylpyridine, and m. p. 173-5° for its picrate)}. 

4-Methylpent-l-ene. No crystalline pyrylium salt was isolated on reaction of this olefin 
with acetic anhydride. However, a 17% yield of the 3-isopropyl-2,6-dimethylpyridine was 
obtained as a colourless liquid, b. p. 90—93°/13 mm., 196°/751 mm., 7,,* 1-4975. The picrate 
crystallised as amber-coloured plates, m. p. 168°, from ethanol—water (1:10) (Found: C, 50-6; 
H, 4:8; N, 14-8. C,,H,,N,O, requires C, 50-8; H, 4:8; N, 14-:8%). 

3-Ethylpent-2-ene. This material, made by the dehydration of 3-ethylpentan-3-ol, had 
b. p. 95:-2—96-2°/759 mm. Reaction with acetic anhydride gave the pyrylium salt (69%), 
which on recrystallisation from ethyl acetate—acetic acid (4: 1) gave needles, m. p. 108° (Found: 
C, 49-6; H, 6-6. C,,H,,0,ClO, requires C, 49-9; H, 6-4%). 

The pyrylium salt gave a 75% yield of 4-ethyl-2,3,5,6-tetramethylpyridine, b. p. 130-5— 
131°/17 mm., n,* 1-5167, m. p. 20—21° [picrate, needles (from ethanol), m. p. 168° (Found: 
C, 52-4; H, 5-3; N, 14-4. C,,H, 9N,O, requires C, 52-0; H, 5-1; N, 14-3%)]. 

a-Methylstyrene. When this material reacted with acetic anhydride, the pyrylium salt 
separated from the reaction mixture. The bright red solid was filtered off and washed with 
benzene to remove any polymeric material, and then recrystallised from water as pale orange 
laths (28%), m. p. 220° (decomp.). The corresponding picrate crystallised from water as 
needles, m. p. 190° (decomp.). (Baeyer and Piccard ** give m. p. 210—212° (decomp.) for the 
perchlorate and 193° for the picrate of 2,6-dimethyl-4-phenylpyran-2-ol.) 

The perchlorate was converted into 2,6-dimethyl-4-phenylpyridine, prisms (from ether), 
m. p. 58-5—59-5°. The picrate crystallised as needles (from ethanol), m. p. 234° (decomp.). 
Baeyer and Piccard ** give m. p. 58—59° and ca. 230° respectively. 

1-Methylcyclohexene. This material 4° with acetic anhydride gave a 30% yield of 5,6,7,8- 
tetrahydro-1,3-dimethyl-2-benzopyrylium perchlorate, prisms (from butan-l-ol), m. p. 81° (Found: 
C, 50-5; H, 5-9. C,,H,,0,ClO, requires C, 50-3; H, 5-7%). 

5,6,7,8-Tetrahydro-1,3-dimethylisoquinoline (84% yield) had b. p. 129°/12 mm., ”,*° 1-5350. 
It gave a picrate, needles (from ethanol), m. p. 124—125° alone or mixed with a specimen 
obtained from Professor Nenitzescu (Found: C, 52-5; H, 4-5; N, 14-4. Calc. for C,,H,,.N,O,: 
C, 52-3; H, 4-6; N, 14-4%). 

Acylation of 4-Methylpent-4-en-2-one.—This ketone had b. p. 120-4°, Anax, 290 mu (e 79-0 in 
cyclohexane) with negligible absorption at 329 my [Gray, Rassmussen, and Tunnicliff 4! give 
Amax, 290 my (e ca. 77 in “ iso-octane ”’)]; it contained approximately 1% of 4-methylpent-3- 
en-2-one. 

The ketone (0-05 mole) in acetic anhydride (50 ml.) was added to an ice-cold solution of 
perchloric acid (0-05 mole) in acetic anhydride (50 ml.). 2,4,6-Trimethylpyrylium perchlorate 
(0-043 mole) was filtered off after 14 hr. 

Use of propionic anhydride led to 6-ethyl-2,4-dimethylpyrylium perchlorate (0-037 mole), 
m. p. 201—202° (Found: C, 45-8; H, 5-6. C,H,,0,ClO, requires C, 45-6; H, 5-5%), and thence 
6-ethyl-2,4-dimethylpyridine b. p. 181-5—182°/744 mm., ,*° 1-4944 [picrate, needles (from 





39 Dornow and Machens, Ber., 1940, 73, 357. 
4° Signaigo and Cramer, J. Amer. Chem. Soc., 1933, 55, 3326. 
41 Gray, Rasmussen, and Tunnicliff, J. Amer. Chem. Soc., 1947, 69, 1630. 








cyc 
py! 


alec 


inte 
of ¢ 
of I 


70: 


In 
3,8- 
hyd 
uns 
het 
cou 
per 
wit! 
crys 
the 

alde 


do 
alde 
forr 
diff 
the 
the 


Stafi 


Spec 








XUM 


1961} Kirby and Reid. 3579 


ethanol), m. p. 114° (Found: C, 49-9; H, 4-4; N, 15-4. Calc. for C,,H,,N,O,: C, 49-5; H, 4-4; 
N, 15-3%)]. Balaban and Nenitzescu ® give b. p. 181° and m. p. 112—113°, respectively. 
Under the same experimental conditions mesityl oxide [b. p. 130°; Amax, 329 my (e 40-6 in 
cyclohexane)! [Gray et al.*! give Ag,x, 329 my (ce 40-5 in “‘ iso-octane ”’)] gave 2,4,6-trimethyl- 
pyrylium perchlorate (0-022 mole). An additional 0-001 mole was obtained after 3 days. 
Similarly, propionic anhydride gave 6-ethyl-2,4-dimethylpyrylium perchlorate (0-015 mole). 
2,4,6-Trimethylpyrylium perchlorate (0-036 mole) was also obtained by using diacetone 
alcohol instead of isomesityl oxide. 
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interest and co-operation, and The British Rubber Producers’ Research Association for gifts 
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701. Conjugated Cyclic Hydrocarbons and Their Heterocyclic Analogues. 
Part VI The Condensation of Azulenes with Aliphatic Aldehydes 
in the Presence of Perchloric Acid. 


By E. C. Kirsy and D. H: Ret. 


Condensation of azulene hydrocarbons with the following classes of 
aliphatic aldehydes in the presence of perchloric acid is reported: simple 
a«B8-unsaturated aldehydes; «-oxo-aldehydes; dialdehydes; B-oxo-aldehydes; 
a-cyano- and a-nitro-aldehydes. The nature of the products depends on 
the degree of alkylation of the azulene and on the type of the aldehyde. 
Possible pathways to the various types of products are discussed. Spectral 
data for the products are recorded. 


In the first reported condensations of azulenes with aldehydes, guaiazulene (5-isopropy]- 
3,8-dimethylazulene) reacted with benzaldehyde and its derivatives in the presence of 
hydrogen chloride to form 3-arylmethyleneguaiazulenium chlorides.2 These salts were 
unstable but could be converted into the somewhat more stable picrates. Although 
heterocyclic aromatic, and many aliphatic, aldehydes also condensed the unstable products 
could not be isolatéd. Subsequently, in an improved procedure,’ with 70% (w/w) 
perchloric acid in place of anhydrous hydrogen chloride, ready condensation occurred 
with carbocyclic and heterocyclic aromatic aldehydes to give the thermally stable, 
crystalline perchlorates. We now describe the application of our modified procedure to 
the condensation of azulene hydrocarbons with simple and multifunctional aliphatic 
aldehydes. 

The products from most reactions of azulenes with multifunctional aliphatic aldehydes 
do not correspond to a simple condensation of one molecule each of the azulene, the 
aldehyde, and perchloric acid, as in the condensations with aromatic aldehydes,’ and are 
formed by a different mechanism. Also, in many condensations alkylated azulenes behave 
differently from azulene, owing to electron-release by the substituents which increases 
the electron-availability at position 1 and stabilises the methyleneazulenium structure of 
the primary condensation products. 

Simple Aliphatic and «8-Unsaturated Aldehydes.—Condensations with simple aliphatic 

1 Part V, J., 1961, 1724. 

2 (a) Reid, Stafford, Stafford, and (in part) McLennan and Voigt, /., 1958, 1110; (b) Reid and 
Stafford, Chem. and Ind., 1954, 277. 


3 (a) Kirby and Reid, /J., 1960, 494; (b) Reid, ‘‘ Azulene and Related Substances,’’ Chem. Soc. 
Special Publ., No. 12, 1958, p. 69. 
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aldehydes were first examined. Acetaldehyde with guaiazulene and 4,6,8-trimethyl- 
azulene in acetic acid or tetrahydrofuran gave the stable, yellow crystalline salts (I) and 
(VI), whose cations are, formally, substituted vinylogues of tropylium. Though stable at 
room temperature they decompose partly on attempted recrystallisation from acetic acid 
or acetonitrile. In contrast, no useful product was isolated when perchloric acid was 
added to azulene and acetaldehyde in acetic acid or acetonitrile. The solutions became 
green, then yellow, and an intractable black solid, insoluble in the common organic 
solvents, was deposited. 

Derivatives of acetaldehyde (propionaldehyde, butyraldehyde, isobutyraldehyde, and 
ethoxyacetaldehyde), in which one or more hydrogen atoms of the methyl group have been 
replaced by electron-releasing groups, failed to condense with guaiazulene and 4,6,8- 
trimethylazulene. Substituted acetaldehydes in which the methyl-hydrogen atom is 
replaced by electron-withdrawing substituents all condensed with azulenes. Phenyl- 
acetaldehyde with guaiazulene gave the azulenium perchlorate (II) which, however, was 
unstable and could not be purified. The corresponding product (VII) from 4,6,8-tri- 
methylazulene was even less stable, decomposition preventing its isolation. 

Crotonaldehyde condensed with guaiazulene in a vigorous reaction but no useful 
product could be isolated from the greenish-yellow solution. Cinnamaldehyde and phenyl- 
propargylaldehyde, though formally «$-unsaturated aldehydes, behaved like benzaldehyde,® 
and with guaiazulene readily afforded perchlorates (III) and (IV), respectively, stable salts 
which resemble the benzylidene salt ® (V). The acetylenic salt (IV) absorbs at longer 
wavelength and more intensely than the parent (V), but at shorter wavelength and less 
intensely than the salt (III) (Table 1). Cinnamaldehyde also condensed with azulene but 
decomposition prevented the isolation of the resulting deep red salt. 


(I) R= Me 
Me v (II) R= PhCH Me . 
(III) R= Ph:CH=CH <1O>« pi = 
2 > _ (IV) R= Ph-C=C . ' 
4 (Vv) R=Ph clo; 


a-Oxo-aldehydes.—Pyruvaldehyde, phenylglyoxal, and glyoxylic acid all condensed with 
guaiazulene to yield the same product, 5-isopropyl-1-(5-isopropyl-3,8-dimethylazulen-1-yl)- 
methylene-3,8-dimethylazulenium perchlorate! (X). Glyoxal behaved exceptionally 
among the «-oxo-aldehydes in condensing with guaiazulene at both aldehyde functions 
to give ethanediylidenebis-(5-isopropyl-3,8-dimethylazulenium perchlorate) (XIII) whose 
spectrum (Fig. 1) differs markedly from that of the dye salt (X). We suggest the annexed 
scheme to interpret these results. 


Me Pri : Me Pri 
+ R:CO-CHO —- a (XIII) 
Me (R= Me,Ph, OH,H) HC Me clor 
(VIII) 
Me Pri 2a 
cr (R=Me,Ph,OH) 
R«CHO . < oth ™ aor 
H + (X) pe Me 4 
HW 
—w (Ix) 
Me Pri 
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In the primary step (1) the «-oxo-aldehyde R-CO*-CHO condenses normally with 
guaiazulene to form a 1l-acylmethylene-5-isopropyl-3,8-dimethylazulenium perchlorate 
(VIII). The excess of guaiazulene subsequently attacks it at the electrophilic methine 
carbon atom [step (2a)] to form the dye salt (X) or at the aldehyde function [step (2b)]} to 
yield the diperchlorate (XIII). The added resonance stabilisation attending the formation 
of compound (X) promotes the elimination of R-CHO from the intermediate (IX). 

The diperchlorate (XIV) (spectrum in Fig. 1) was obtained by condensing 4,6,8-tri- 
methylazulene with glyoxal. In contrast, the reaction of glyoxal with azulene was similar 


— 


‘1G. 1. Diperchlorates (XIII) in MeCN containing 
0-5% (v/v) of HClO,, (XIV) in MeCN containing 
2% (v/v) of HCIO,. Dye salt (X) in AcOH. 
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to that of methylglyoxal, phenylglyoxal, and glyoxylic acid with guaiazulene: 1-(azulen- 
1-yl)methyleneazulenium perchlorate }3* (XI) was isolated in high yield. In this case 
the methine-carbon atom of the primary product is the stronger electrophilic centre. The 
difference in behaviour of azulene and guaiazulene with glyoxal is the result of electron- 
release by the alkyl substituents in the latter hydrocarbon which reduces the electrophilic 
activity of the methine carbon atom in (VIII; R = H). 

In the absence of perchloric acid glyoxylic acid reacted exothermally with guaiazulene 
in boiling acetonitrile, to give in high yield di-(5-isopropyl-3,8-dimethylazulen-1-yl)acetic 
acid (XV). This acid is not an intermediate in the formation of the dye salt (X) from 
guaiazulene, glyoxylic acid, and perchloric acid, since it was not converted into the salt (X) 
on being boiled with perchloric acid in acetic acid or acetonitrile. 4,6,8-Trimethylazulene 
added analogously to give di-(4,6,8-trimethylazulen-l-yl)acetic acid (XVI) with, however, 
a small amount of a second, unstable and unidentified acid. The assignment of structure 
(XVI) to the first product from 4,6,8-trimethylazulene and glyoxylic acid is based on the 
similarity of its visible spectrum to that of the analogue (XV) (Fig. 2). Azulene failed to 
react with glyoxylic acid alone, and in the presence of perchloric acid also gave an unstable 
and unidentified acid 

8-Oxo-aldehydes.—The condensation products of azulenes with {-oxo-aldehydes 
(2-hydroxymethylene ketones) were either 2-(azulen-l-yl)vinyl ketones or symmetrical 
1-(azulen-l-yl)methyleneazulenium perchlorates. In suitable conditions all azulenes gave 
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products of the former type. Highly alkylated azulenes (guaiazulene, 4,6,8-trimethyl- 
azulene), however, never yielded more than traces of the symmetrical dye salts. 


r' ROR gp! -R? R? gi R2R? 
TO) SO) a 
R° = RS RS 
~ * CH ps _ 
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\ _— VY < (+) R4 NN i: R 
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(X) R' =R*5 = Me; R?=R*=H; R? = Pr! 
(XI) R' 
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(XIII) R' = R5 = Me;R?=R*=H 
R? = Pri 


(XIV) R' = R?>=H;R?=R*=R°=Me 


Hydroxymethyleneacetophenone with guaiazulene and 4,6,8-trimethylazulene in 
boiling acetic acid gave, as sole products, the azulenylvinyl ketones (XVII) and (XXII), 





(XVI) R= CH:CH-COPh (XXI1) 
Me Pri (XVIIL) R = CH!CH-COMe Me R= CH:CH:-COPh 
“OY x Va \ 
Y 7 (XIX) R = CH:C(NO,)-CHO Me - 
oo ¥ ma (XXII) 
= (XX) R = [CH:CH],-CHO N= 
R Me Me R = CH:CH:COMe 
(XXI) R= CH:CPh:CN 
(XXIV) R'=R° = Me;R?= R*= H; R?= Pr! +e 
(XXV) R'=R?=H;R? =R‘ = R° = Me 
(XXVI R'=R? =R?=R4=R5 = H CH:CH:COMe 
m (XXVIT) 
Me \ “Me Pri 
; M 
HC Me Hc e 


(XXVIII) fe) & x (XXIX) 
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respectively. In contrast, azulene furnished 1-(azulen-l-yl)methyleneazulenium per- 

chlorate (XI) and, of significance for the suggested reaction mechanism, a quantity of 

acetophenone, isolated as its 2,4-dinitrophenylhydrazone. 
2-Hydroxymethylenecyclohexanone behaved similarly. With guaiazulene it gave 
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the ketone (XXIV), with a small amount of the azulenium perchlorate (X); with 4,6,8-tri- 
methylazulene it gave a ketone (X XV) with a trace of the azulenium perchlorate (XII) 1; but 
with azulene it gave the dye salt (XI) as the sole azulenic product, accompanied by cyclo- 
hexanone which was isolated as its 2,4-dinitrophenylhydrazone. However, when the 
condensation with azulene was carried out at room temperature in methanol the main 
product was the ketone (X XVI), only a trace of the dye salt (XI) being formed. 

The products from condensation of hydroxymethyleneacetone with guaiazulene, 
4,6,8-trimethylazulene, and azulene were the three ketones (XVIIT), (XXIII), and (XXVII), 
respectively. These were, however, isolated in very low yield, owing apparently to rapid 
decomposition of free hydroxymethyleneacetone; much unchanged hydrocarbon was 
recovered in each case. 

Guaiazulene condensed with 2-hydroxymethylene-2,3-dihydrophenalen-l-one to give 
the perchlorate (XXIX) derived from the ketone (XXVIII); the salt crystallised from 
the reaction mixture. 

A plausible mechanism for these condensations is illustrated in the annexed scheme. 
Azulene is attacked (step 1) by the ketone activated by protonation at either the terminal 
or the carbonyl oxygen atom, ¢.g., by (XXX); the perchlorate (XX XI) of the 2-(azulen- 
l-yl)vinyl ketone (XXXII) is the primary product. Hydrolysis at this stage yields the 
ketone (XXXII) [step (2a)}, but further reaction [step (2b)] with. an excess of azulene, ¢.g., 
in boiling solution, leads through the intermediate (XX XIII) to the symmetrical dye salt 
(XI) and the ketone R'CO-CH,°R*. The deactivating effect of alkyl substituents on the 
electrophilic methine-carbon atom of the primary product determines the course of the 
secondary reaction and the nature of the product. 

The isolation of acetophenone and cyclohexanone in the condensation of azulene with 
hydroxymethyleneacetophenone and 2-hydroxymethylenecyclohexanone provide evidence 
for the suggested mechanism. Support comes from the isolation in quantitative yield 
of the dye salt (XI) from a boiling solution of azulene, 2-(azulen-1l-yl)methylenecyclo- 
hexanone (XXVI), and perchloric acid in acetic acid. This reaction represents a new 
synthesis of 1-(azulen-l-yl)methyleneazulenium perchlorates in which an azulene is 
condensed in the presence of perchloric acid with a 2-(azulen-1l-yl)vinyl ketone. From the 
results of experiments described in this section the method is seen to be inapplicable to 
highly alkylated 2-(azulen-1-yl)vinyl ketones, and is thus complementary to the synthesis 4 
of the dye salts by condensation of azulenes with 1-ethoxymethyleneazulenium salts. The 
visible spectra of the 2-(azulen-1-yl)vinyl ketones consist in all cases of two broad absorp- 
tion bands (Table 1). - 

Nitromalondtaldehyde and Glutacondialdehyde.—Condensations of azulenes with these 
aldehydes are closely related to the reactions considered in the preceding section, with 
respect to both the nature of the products and their mode of formation. Two products 

ere formed from each aldehyde in the reactions with guaiazulene. Nitromalondialdehyde 
gave 3-(5-isopropyl-3,8-dimethylazulen-1-yl)-2-nitropropenal (XIX), together with 5-iso- 
propyl-1 -[3-(5-isopropyl-3,8-dimethylazulen-l - yl) -2-nitropropenylidene] -3,8 -dimethy]- 
azulenium perchlorate (XXXIV) which resulted from the subsequent condensation of the 
aldehyde (XIX) with unchanged guaiazulene. The behaviour of glutacondialdehyde was 
analogous. The dienal (XX) and its product of further condensation (XXXV) were 
isolated in comparable yields by carrying out the reaction in the cold with molecular 
proportions of the reactants. A boiling solution of guaiazulene and glutacondialdehyde 
in 2:1 molecular proportions gave the dye salt (XXXV) alone. This salt is vinylogous 
with the dye salt (X) which it resembles in showing characteristic, intense absorption in 
the visible region.!:3* The visible absorption spectra of the aldehydes (XIX), (XX), and 
3-formylguaiazulene show a progressive bathochromic shift of %max, With increase in length 
of the polyenal side-chain. 

Attempts to cyclise the aldehyde (XTX) under basic conditions to the heptalene 
derivative (XXXVII) were unsuccessful. 
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TABLE 1. Visible absorption maxima (my). 


Compound Solvent Anns. log 
1-Ethylidene-5-isopropyl-3,8-dimethylazulenium perchlorate (I) ...... A 425sh, 370 3-45, 3-75 
1-Cinnamylidene-5-isopropyl-3,8-dimethylazulenium perchlorate (III) A 513 4-63 
5-Isopropyl-3,8-dimethyl-1-(3-phenylprop-2-ynylidene)azulenium per- 

REBECA RESSE S53 BE TE EE EET ane EE EY Peay N¢ 477 4-40 
1-Benzylidene-5-isopropyl-3,8-dimethylazulenium perchlorate (V)°... A 456 4-09 
1-Ethylidene-4,6,8-trimethylazulenium perchlorate (VI) ............... { ee prot 395 ¢ 4-4 3-70 
Ethanediylidenebis-(5-isopropyl-3,8-dimethylazulenium perchlorate) Ne § 670sh, 534, 3-45, 4-56, 

SPIED ciredndcuduvndastnveteRinks{isabesthinthednsniebolacsiiaiimeumebenmnntes : tC 410i 4-25 
Ethanediylidenebis-(4,6,8-trimethylazulenium perchlorate) (XIV) ... Ne { = —_— 
Di-(5-isopropyl-3,8-dimethylazulen-l-yl)acetic acid (XV) .............4. N 670,° 627¢ 3-02, 3-03 
Di-(4,6,8-trimethylazulen-l-yl)acetic acid (XVI) ............cceeeeeeeeeeeee N 595sh, 560¢ 2-93, 3-00 

302 9. ’ 

B-(5-Isopropyl-3,8-dimethylazulen-l-yl)acrylophenone (XVII) ......... C { — —— 94, 
4-(5-Isopropyl-3,8-dimethylazulen-1-yl) but-3-en-2-one (XVIII) ...... B 604,° 426° J 
3-(5-Isopropyl-3,8-dimethylazulen-1l-yl)-2-nitropropenal (XIX) ...... A 527 4-51 
1-Formyl-5-isopropyl-3,8-dimethylazulene  ..............c.ceeeeeeeeeeeeeees Cc 570 2-70 
5-(5-Isopropyl-3,8-dimethylazulen-1l-yl)penta-2,4-dienal (XX) ......... i 635, 453 2-83, 4-67 
1-(2-Cyano-2-phenylvinyl)-5-isopropyl-3,8-dimethylazulene (XXI) ... B 615, 448 2-87, 4:47 
B-(4,6,8-Trimethylazulen-1l-yl)acrylophenone (XXII) .................0065 + 563,9 4249 2-92, 4-46 
4-(4,6,8-Trimethylazulen-l-yl) but-3-en-2-one (XXIII) .................. Cc 567,° 405° 2-89, 4-33 
2-(5-Isopropyl-3,8-dimethylazulen-1-yl)methylenecyclohexanone 

CURRIED saksdihdtadinsneredusisnesdbaseinsasuntetemededusencdiaarendndicecersconnes B 620,°427¢° 2-73, 4:30 
2-(4,6,8-Trimethylazulen-1l-yl)methylenecyclohexanone (XXV) _...... B 562,° 408¢ 2-84, 4-24 
2-(Azulen-l-yl)methylenecyclohexanone (XXVI)__....... eee eeee cece scenes B 612,° 410° f 
SA RF OD (TT VED vce ccsescvnccsisscccsnscsscnechsasssonsces B 603,¢ 436 f 
1-(3-Hydroxyphenalen-2-yl)methylene-5-isopropy1-3,8-dimethyl- 

RY PONIEIIIED CUR MNEIND caisccscsicsccscccncnncscizesccescentsicoosse N¢ 502¢ 4:27 
5-Isopropyl-1-[5-(5-isopropyl-3,8-dimethylazulen-1-yl) penta-2,4-di- A 860, 505, 5-49, 3-88, 

enylidene]-3,8-dimethylazulenium perchlorate (XXXV)_............ 430 3-91 
5-Isopropyl-3,8-dimethyl-1-[5-(3-methylazulen-1-yl) penta-2,4-dienyl- A 842, 502, 5-37, 3-85, 

ideneJazulenium perchlorate (XXXVI) __...........ccecccecsecceescescees 423 3-93 
1,3-Di-(2-cyano-2-phenylvinyl-l)azulene (XX XVIII) ..............2.0000: N 605, 428 2-96, 4:58 
1 ,3-Di-(2-cyano-2-phenylvinyl-1)-4,6,8-trimethylazulene (XXXIX)... B 560,° 426 3:05, 4-40 

A = acetic acid, B = benzene, C = cyclohexane, N = acetonitrile. 


* Containing 0-2% (v/v) of perchloric acid. ° Kirby and Reid, J., 1960, 494. ¢ Centre of broad 
maximum. 4 Containing 2% (v/v) of perchloric acid. * Containing 0-5% (v/v) of perchloric acid. 
f loge undetermined. % Hafner and Bernhard (Annalen, 1959, 625, 108) give Amax. 562 (2-84) and 
422 (4-44). 
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8-H ydroxy-«-phenylacrylonitrile—Neutral products alone were formed in the 
reactions of §-hydroxy-«-phenylacrylonitrile with azulenes. Azulene and 4,6,8-tri- 
methylazulene reacted at both the 1- and the 3-position, giving the stable, high-melting, 
green, crystalline 1,3-di-(2-cyano-2-phenylvinyl)azulene (XX XVIII) and 1,3-di-(2-cyano- 
2-phenylvinyl)-4,6,8-trimethylazulene (XXXIX), respectively. Guaiazulene gave the 
monosubstitution product (XXI). The presence of perchloric acid, though necessary for 
the condensations with azulene and 4,6,8-trimethylazulene, is not required for the form- 
ation of the salt (X XI) which is also obtained on merely boiling guaiazulene and @-hydroxy- 
a-phenylacrylonitrile in acetic acid. 


Me CH-C=CH Me Me Pr! 


NO, €) 
G) Me Me 
Pri Pri & 
Clo; 


O,N 
(XXXIV) (XXXVI) 


Me ‘=ch-[CH: cH], yr 
(XXXV): R'= R?=Me;R? = Pri 
Me R2 
Pri R3 (XXXVI): R'=Me; R?=R?=H 
cio 


The condensations with §-hydroxy-«-phenylacrylonitrile appear to involve 
nucleophilic attack by guaiazulene on the methine-carbon atom of §$-hydroxy-z- 
phenylacrylonitrile or, in the reaction with azulene and 4,6,8-trimethylazulene, its 
N-protonated form (XL). 


2 
r' R 
Ph-c<C£n \ H* 
ce; R2 4 
gtCH-OH 
1 
RXR? (XI) 


(XXXVI) R' = CH:CPh-CN, R?7=H - 
(XXXIX) R' = CH:CPh-CN, R?=Me 


Infrared Spectra (Table 2).—Previous studies 3*4 have shown that the carbonyl stretch- 
ing frequency of l-acylazulenes is abnormally low. This has been correlated with the ready 
polarisability of the azulene nucleus which results in the significant contribution of dipolar 
forms to the resonance hybrid. We now find further that the insertion of one or more 
double bonds between the carbonyl group and the azulene nucleus at C,,, dampens the 
polarisation of the carbonyl group resulting from direct conjugation. The carbonyl 
stretching frequencies are shifted to normal or nearly normal values. (a) The relatively 
low frequencies of 1-formylazulene (1658 cm.) and 1-formyl-5-isopropyl-3,8-dimethyl- 
azulene (3-formylguaiazulene) (1630 cm."), indicative of abnormal polarisation, contrast 
with that of 5-(5-isopropyl-3,8-dimethylazulen-l-yl)penta-2,4-dienal (XX) (1669 cm.*) 
which lies in the region in which simple polyene aldehydes absorb.® Little or no electronic 
effect due to the polarisability of the azulene nucleus is transmitted to the carbonyl group. 
In agreement with the more normal character of the carbonyl group in the aldehyde (XX), 


4 Reid, Stafford, and Stafford, J., 1958, 1119. 
5 Blout, Ficlds, and Karplus, J. Amer. Chem. Soc., 1948, 70, 194. 
6B 
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TABLE 2. Infrared absorption bands (cm.*). 
Compound Nujol CCl, 
C=O stretching 
(a) Aldehydes 


3-(5-Isopropyl-3,8-dimethylazulen-1l-yl)-2-nitropropenal (XIX) ............... 1658 — 
5-(5-Isopropyl-3,8-dimethylazulen-1l-yl)penta-2,4-dienal (XX) ..............000: 1668 1669 
RoE akcdndcdnscccnccceccesesbnccsdcnecccccecssesccnececdesncaccnesseuscnsooses 16454 1658 
1-Formy]-5-isopropyl-3,8-dimethylazulene  ..............csceceeseeseeeeeeereneeeers 16164 1630 
EES 50g sa datasvivhinerthescpmacusesesscucedcesisduatawedanenipsgecdentane -- 1700 *¢ 
CH CHE CHACECHO (0 ae BF) nccccccccsccccvcvecescccccscoseshossocccasese —- 1677—1664¢ 


(b) Ketones 
1650 


B-(5-Isopropyl-3,8-dimethylazulen-l-yl)acrylophenone (XVII) .............. oa : 
B-(4,6,8-Trimethylazulen-l-yl)acrylophenone (XXI11) ..........:ccceececeeeeeeeeees 1634 - 
2-(5-Isopropyl-3,8-dimethylazulen-l-yl)methylenecyclohexanone (XXIV) ... 1667 1667 
2-(4,6,8-Trimethylazulen-l-yl)methylenecyclohexanone (XXYV)_ ...........+... 1667 - 
l-Acetyl-5-isopropyl-3,8-dimethylazulene .................csccccccscsccscccccscecccees 1642 1652 
1-Benzoyl-5-isopropyl-3,8-dimethylazulene ...............ccecceeeseeeeeveeeeeeeeeees 1637 — 
ES. — hh ik evadananoudankededenueedussdeesiicesisbedanehassuvunicdawenaied - 1685 ° 
POSED sncecsesansscvancenevedscntatbubencerabidednesisccbgstaesnbidtientesaateenn 1680 1691m, 1667 
PE PUEE nid cov cndesevacesnsanionnnianancdorsevavesiaveneemapanansdsnmentneaannes ~- 1667 
(c) Acids 
Di-(5-isopropyl-3,8-dimethylazulen-l-yl)acetic acid (XV) ...........ceeeeeeeeeees 1704 — 
Di-(4,6,8-trimethylazulen-l-yl)acetic acid (XVI) ..........cccceceeceeeceseeeeeeeers 1701 —_ 
CEN stretching 

1-(2-Cyano-2-phenylvinyl)-5-isopropyl-3,8-dimethylazulene (XXXI) ......... 2188 2203 
1,3-Di-(2-cyano-2-phenylvinyl)azulene (XXXVIII) oo... ec ccc eee eee eee eee eeees 2198 ~~ 

, 99 > 99 ? 
1,3-Di-(2-cyano-2-phenylvinyl)-4,6,8-trimethylazulene (KXXIX) ............ ( — 
1-Cyano-5-isopropyl-3,8-dimethylazulene ..............cccccsscccsscssccssvccccccecces 2186 2201 
I UIND aides nccsiendcmavscesimssntpatnenisernssensapnenenens chesoancrsneesess 2212 2222 


C=C stretching 
5-Isopropyl-3,8-dimethyl-1-(3-phenylprop-2-ynylidene)azulenium _ perchlor- 
a eat Ambien Re lr Balai RSNA 2168 _ 


* Kirby and Reid, J., 1960, 494. °® Hunsberger, J. Amer. Chem. Soc., 1950, 72,5626. © In 
CHCl,. 4 Blout, Fields, and Karplus, J]. Amer. Chem. Soc., 1948, 70, 194. 


condensation took place with both guaiazulene and 1-methylazulene in the presence of 
perchloric acid to give the dye salts (XXXV) and (XXXVI). This is in contrast to the 
reported failure of 1-formyl-5-isopropyl-3,8-dimethylazulene to condense with azulenes 
under the same conditions.* (5) Spectrally, the 2-(azulen-l-yl)vinyl ketones examined 
fall into two classes, depending on the nature of the second group attached to the carbonyl 
function. (i) When this is a saturated hydrocarbon residue, as in the ketones (XVIII), 
(XXIV), (XXV), and (XXVII), voo is normal [cf. veo for benzylideneacetone and 1-acetyl- 
5-isopropyl-3,8-dimethylazulene (3-acetylguaiazulene)}. (ii) When, however, the second 
group is an aromatic ring, as in (XVII) and (XXII), vgo remains close to that of the 
polarised 1-benzoyl-5-isopropyl-3,8-dimethylazulene (3-benzoylguaiazulene) (cf. vgo for 
benzylideneacetophenone). 

The C=N link in 1-cyano-5-isopropyl-3,8-dimethylazulene (3-cyanoguaiazulene) also 
shows considerable double-bond character resulting from appreciable contribution of polar 
structures of the type Gut=C=N~ to the resonance hybrid. The C=N frequency lowering, 
exemplified by a comparison of 1-cyano-5-isopropyl-3,8-dimethylazulene with 1-cyano- 
naphthalene, persists in the nitriles (XXI), (XXXVIIT), and (XXXIX), though to a 
reduced extent. 


EXPERIMENTAL 


M. p.s were determined on a Kofler-type heating stage. Visible spectra were measured 
with a Unicam S.P. 600 spectrophotometer. Infrared spectra were recorded with a Grubb- 
Parsons Type G.S.2A instrument. Chromatography was on activated alumina. Unless 
otherwise stated, samples of perchlorates for analysis were dried for 6—8 hr. at 80°/0-1 mm. 
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Materials.—Acetic acid was of “‘ AnalaR’”’ grade. Acetonitrile was purified by boiling it 
for 30 min. with phosphoric anhydride, then distilled, and it was redistilled before use. Tetra- 
hydrofuran was boiled over sodium wire until it no longer discoloured the fresh metal surface, 
and then distilled. Light petroleum was of boiling range 40—60°. Perchloric acid refers to 
70—72% (w/w) perchloric acid of ‘‘ AnalaR ”’ grade. 

The following aldehydes were purified by distillation immediately before use: acetaldehyde, 
phenylacetaldehyde, cinnamaldehyde, and phenylpropargylaldehyde. The sodium salts of 
hydroxymethyleneacetone,* hydroxymethyleneacetophenone,’ nitromalondialdehyde mono- 
hydrate,’ and glutacondialdehyde ® were used in place of the corresponding unstable aldehydes. 
Methylglyoxal and glyoxal refer to 30% (w/w) solutions of the aldehydes in water. Phenyl- 
glyoxal and glyoxylic acid refer to the aldehyde monohydrates. 

2-Hydroxymethylenecyclohexanone was prepared by Borsche’s method,!® and 6-hydroxy- 
a-phenylacrylonitrile by Ghosh’s method.!! 2-Hydroxymethylene-2,3-dihydrophenalen-1l-one 
was prepared by condensation at room temperature of ethyl formate with 2,3-dihydrophenalen- 
l-one in anhydrous benzene in the presence of sodium methoxide.!* 

Condensation of Simple Aliphatic Aldehydes with Azulenes.—Acetaldehyde with guaiazulene. 
The order of mixing of the reactants is critical and the following is the most satisfactory 
procedure. Perchloric acid (0-5 ml.) was added to a solution of guaiazulene (200 mg.) and 
acetaldehyde (1-5 ml.) in tetrahydrofuran (1 ml.) at room temperature. 1-Ethylidene-5-iso- 
propyl-3,8-dimethylazulenium perchlorate (1) (310 mg., 96%) crystallised after 1—2 min. as 
yellow needles, m. p. 161—165°, which were washed with tetrahydrofuran, followed by dry 
ether. The salt decomposes in hot solvents and was analysed without recrystallisation after 
drying for 8 hr. at 70°/0-1 mm. (Found: C, 62-1; H, 6-1; Cl, 11:2. C,,H,,ClO, requires C, 62-9; 
H, 6-5; Cl, 10-9%). 

Acetaldehyde with 4,6,8-trimethylazuléne. Perchloric acid (1 ml.) was added to a solution 
of 4,6,8-trimethylazulene (763 mg.) and acetaldehyde (3 ml.) in acetic acid (10 ml.) at room 
temperature. 1-Ethylidene-4,6,8-trimethylazulenium perchlorate (VI) (1-17 g., 88%) crystallised 
as greenish-yellow needles, m. p. 148—151° (decomp.), which partly decompose in hot solvents 
and were analysed without recrystallisation after being washed with acetic acid, followed by 
dry ether (Found: C, 60-7; H, 6-0. C,;H,,ClO, requires C, 60-7; H, 5-8%). 

Condensation of «8-Unsaturated Aldehydes with Azulenes.—Cinnamaldehyde with guaiazulene. 
Perchloric acid (1 ml.) was added to a boiling solution of guaiazulene (200 mg.) and cinnam- 
aldehyde (133 mg.) in acetic acid (5 ml.). The cooled solution deposited 1-cinnamylidene-5- 
isopropyl-3,8-dimethylazulenium perchlorate (III) (310 mg., 75%). Recrystallisation of the salt 
from acetic acid gave deep red needles, m. p. 179-5—193-5° (decomp.) (Found: C, 70-3; H, 5-9; 
Cl, 8-1. C,,gH,;ClO, requires C, 69-8; H, 6-1; Cl, 8-6%). 

Phenylpropargylaldehyde with guaiazulene. A solution of guaiazulene (600 mg.) and per- 
chloric acid (0-5 ml.) in acetonitrile (8 ml.) was added to one of the aldehyde (400 mg.) in 
acetonitrile (4 ml.), all at room temperature. The orange-red solid which crystallised at once 
from the orange-brown solution was filtered off after 5 min. and recrystallised from acetonitrile. 
5-Isopropyl-3,8-dimethyl-1-(3-phenylprop-2-ynylidene)azulenium perchlorate (IV) was obtained 
as orange-red prisms (700 mg., 57%) which melt to a black liquid on a block preheated to (255°, 
but decompose slowly without melting on being heated from room temperature (Found: 
C, 69-7; H, 5-5; Cl, 8-5. C,,H,,;ClO, requires C, 70-2; H, 5-6; Cl, 8-6%). 

Condensation of «-Oxo-aldehydes with Azulenes.—Methylglyoxal with guaiazulene. Perchloric 
acid (1 ml.) was added to a solution of guaiazulene (1-0 g.) and methylglyoxal (1-2 g.) in tetra- 
hydrofuran (15 ml.). The solution became green, then blue, and in 72 hr. at room temperature 
deposited 5-isopropyl-1-(5-isopropyl-3,8-dimethylazulen-1-yl)methylene-3,8-dimethylazulenium per- 
chlorate (X) (30 mg., 2%), which recrystallised from acetic acid as flat, black needles, m. p. 
247—-250° (decomp.) (block preheated to 240°) (Found: C, 73-3; H, 7-1; Cl, 6-9. C3,H;,ClO, 
requires C, 73-4; H, 7-0; Cl, 7-0%), identical (m. p., mixed m. p., and visible spectrum) with 


® Claisen and Stylos, Ber., 1888, 21, 1144. 

7 Auwers and Schmidt, Ber., 1925, 58, 535. 

® Org. Synth., 1952, 32, 95. 

® Baumgarten, Ber., 1924, 57, 1622. 

10 Borsche, Annalen, 1910, $377, 84. 

11 Ghosh, /J., 1916, 109, 113. 

12 Aitken, Bonthrone, and Reid, unpublished results. 
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the product of condensation of guaiazulene with 1-ethoxymethylene-5-isopropyl-3,8-dimethyl- 
azulenium perchlorate.! 

Phenylglyoxal with guaiazulene. Perchloric acid (1-5 ml.) was added to a solution of guai- 
azulene (2-4 g.) and phenylglyoxal (1-750 g.) in tetrahydrofuran (15 ml.)._ The solution boiled 
spontaneously and became deep blue. Anhydrous ether (3 ml.) was added to the cooled solution 
which, in 1 hr. at room temperature, deposited the salt (X) as black needles (180 mg., 6%). The 
salt, recrystallised from acetic acid, was identical (m. p., mixed m. p., and visible spectrum) with 
the product of condensation of methylglyoxal with guaiazulene (Found: Cl, 6-6%). 

Glyoxylic acid with guaiazulene. The condensation was identical with the preceding, 
glyoxylic acid (1-15 g.) being used in place of phenylglyoxal. The product (130 mg., 4%) was 
identical (m. p., mixed m. p., and visible spectrum) with those from the two preceding experi- 
ments (Found: C, 73-8; H, 7-1; Cl, 6-7%). 

Glyoxal with guaiazulene. <A solution of guaiazulene (1-2 g.), glyoxal (600 mg.), and per- 
chloric acid (1-5 ml.) in acetonitrile (25 ml.) was boiled for 2 min. The cooled red solution 
deposited ethanediylidenebis-(5-isopropyl-3,8-dimethylazulenium perchlorate) (XIII) (1-4 g., 75%) 
as brown plates with a yellow reflex, unchanged in form or composition after recrystallisation 
from acetonitrile (Found: C, 61-9; H, 6-0; Cl, 11-9. C,,H,,Cl,O, requires C, 62-0; H, 5-9; 
Cl, 11-49%). The salt melts on a block preheated to «287°, and explodes on a block preheated 
to 290°. 

When guaiazulene (400 mg.), glyoxal (380 mg.), and perchloric acid (1 ml.) were condensed 
in tetrahydrofuran (5 ml.) under the same conditions the yield of the salt (XIII) was 430 mg. 
(70%). 

Glyoxal with 4,6,8-trimethylazulene. Glyoxal (345 mg.), 4,6,8-trimethylazulene (680 mg.), 
perchloric acid (0-5 ml.), and acetic acid (20 ml.) were heated to the b. p. The reddish-brown 
solution, on cooling, deposited a monoperchlorate (see below) as green needles (559 mg., 60%), 
m. p. 257° (decomp.) on a block preheated to «250°, unchanged in form, composition, or m. p. 
after recrystallisation from acetonitrile (100 ml./10 mg.) (Found: C, 72-6; H, 6-3; Cl, 8-2. 
C,,H,,ClO, requires C, 72-6; H, 5-9; Cl, 7-7%). Solutions of the salt in polar organic solvents 
are violet-blue. Recrystallisation of the monoperchlorate from a 20% (v/v) solution of per- 
chloric acid in acetonitrile gave ethanediylidenebis-(4,6,8-trimethylazulenium perchlorate) (XIV), 
black needles which soften >250° on a block preheated to «250° (Found: C, 58-9; H, 7-0; 
Cl, 12:2. C,,H,,Cl,O, requires C, 59-7; H, 5-0; Cl, 12-6%). Solutions of the salt (XIV) in 
acetonitrile containing an excess of perchloric acid are reddish-brown. The monoperchlorate 
C,,H,,ClO, crystallises from solutions of the diperchlorate (XIV) in acetonitrile alone. Further 
studies on the structure of the monoperchlorate and its relationship to the salt (XIV) are in 
progress. 

Glyoxal with azulene. Perchloric acid (0-25 ml.) was added to a boiling solution of azulene 
(256 mg.) and glyoxal (200 mg.) in acetonitrile (25 ml.). The deep blue solution, which began 
to deposit a solid at the b. p., was boiled for 1 min., then allowed to cool to room temperature. 

1-(Azulen-1l-yl)methyleneazulenium perchlorate (XI) (320 mg., 87%) crystallised as black 
needles, identical (m. p. and visible spectrum) with the product of condensation of 1-formy]l- 
azulene, azulene, and perchloric acid +** (Found: C, 68-9; H, 4-7. Calc. for C,,H,,ClO,: 
C, 68-8; H, 41%). | 

Addition of Azulenes to Glyoxylic Acid.—Guaiazulene. A solution of glyoxylic acid (184 mg.) 
in acetonitrile (5 ml.) was added to one of guaiazulene (495 mg.) in acetonitrile (5 ml.), and the 
resulting solution was cautiously heated to the b. p. A vigorous exothermic reaction occurred 
and the product crystallised extensively from the boiling solution as blue needles. Di-(5-iso- 
propyl-3,8-dimethylazulen-1-yl)acetic acid (XV) (520 mg., 92%) was filtered from the cooled 
solution, washed with acetonitrile and dry ether, and analysed without recrystallisation after 

drying for 5 min. at 80° (Found: C, 85-0; H, 8-4. C,,H,,0, requires C, 84-9; H, 8-0%). The 
acid melts >202° (decomp.) after becoming brown at >199°. It is sparingly soluble in the 
common organic solvents. 

4,6,8-Trimethylazulene. Glyoxylic acid (183 mg.), 4,6,8-trimethylazulene (680 mg.), and 
acetonitrile (25 ml.) were boiled for 3 min. The solution became blue, and on cooling deposited 
an unidentified acid (7 mg.), blue needles which melt (decomp.) on a block preheated to +308°, 
and show infrared C=O absorption at 1701 cm.4. This acid decomposed when kept for 2 days 
in an evacuated desiccator. The filtrates were diluted with ether (400 ml.), and the ether 
solution was extracted exhaustively with 10% sodium carbonate solution, washed with water, 
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and dried (Na,SO,). 4,6,8-Trimethylazulene (221 mg., 339%) was recovered after evaporation 
of the solvent. The sodium carbonate extracts, after being acidified and extracted with ether, 
afforded a blue solid (250 mg.) which was readily soluble in polar solvents. Recrystallisation 
of the solid from light petroleum—ethanol (9: 1) gave in low yield di-(4,6,8-trimethylazulen-1-yl)- 
acetic acid (XVI), blue, m. p. 168—171° after softening >160° (Found: C, 83-3; H, 7-5. 
C,,H,,0, requires C, 84-8; H, 7-1%). 

Condensation of B-Oxo-aldehydes (2-Hydvoxymethylene ketones) with Azulenes.—Hydroxy- 
methyleneacetophenone with guaiazulene. Perchloric acid (1 ml.) was added to a boiling solution 
of guaiazulene (1995 mg.), the sodium salt of hydroxymethyleneacetophenone (1700 mg.), and 
acetic acid (25 ml.). The chocolate-brown solution was boiled for 2 min., cooled, and diluted 
with ether. The ether solution was washed until free from acetic acid with water, sodium 
hydrogen carbonate solution, and water before drying (Na,SO,) and evaporation. The 
residual dark, yellowish-green oil was adsorbed on a column (20 x 2-5 cm.) from a small volume 
of benzene. Initial development with light petroleum gave blue eluates from which guaiazulene 
(1365 mg., 68%) was recovered. Elution was continued with benzene, followed by ether. 
Evaporation of the yellowish-green ether eluates gave B-(5-isopropyl-3,8-dimethylazulen-1-yl)- 
acrylophenone (XVII) (996 mg., 30%) as a viscous brown oil. Attempted purification by two 
successive distillations in a closed system at 220°/0-1 mm. failed to give an analytically pure 
specimen (Found: C, 87-8; H, 7-4. Calc. for C,,H,,O: C, 90-2; H, 7-°3%). The 2,4-dinitro- 
phenylhydrazone recrystallised from benzene as brown needles, m. p. 243—247° (Found: N, 11-1. 
CypH.gN,O, requires N, 11-0%). 

Treatment of the ketone (XVII) (200 mg.) in acetic acid (25 ml.) with perchloric acid (1 ml.) 
gave 1-(y-hydroxycinnamylidene)-5-isopropyl-3,8-dimethylazulenium perchlorate (96 mg., 36%) 
which recrystallised from acetic acid as dark red needles, m. p. 209—211° (block preheated to 
200°) (Found: Cl, 8-9. C,,H,,ClO, requires Cl, 8-3%). 

Hydroxymethyleneacetophenone with 4,6,8-trimethylazulene. The sodium salt of hydroxy- 
methyleneacetophenone (1-17 g.), 4,6,8-trimethylazulene (1-17 g.), and acetic acid (25 ml.) were 
heated to 80°. Perchloric acid (0-5 ml.) was added and the solution kept at 80° for3 min. The 
reddish-brown solution was cooled, poured into water, and extracted with ether. The ether 
extracts, after being washed until free from acid with sodium hydrogen carbonate solution and 
water and dried (Na,SO,), were evaporated. The residue was adsorbed on a column (30 x 2-5 
cm.) from the minimum volume of benzene. Elution with light petroleum gave purple eluates 
from which 4,6,8-trimethylazulene (932 mg., 81%) was recovered. The column was then 
washed with benzene, and a dark red zone was subsequently eluted with ether. The ether 
eluates, yellow in reflected and red in transmitted light, were evaporated, and the residual oil 
was allowed to crystallise from light petroleum-ethanol. Recrystallisation of the solid (269 mg., 
13%) from light petroleum (b. p. 60—80°)-ethanol (20: 1) gave 8-(4,6,8-trimethylazulen-1-yl)- 
acrylophenone (XXII), brown needles, m. p. 142—144° (lit.,1% m. p. 142—144°). 

Hydroxymethyleneacetophenone with azulene. Perchloric acid (1 ml.) was added to a boiling 
mixture of azulene (1081 mg.), the sodium salt of hydroxymethyleneacetophenone (716 mg.), 
and methanol (25 ml.)._ The solution, boiled for 10 min., became deep blue. 1-(Azulen-1-yl)- 
methyleneazulenium perchlorate (XI) (347 mg., 22%) crystallised from the cooled solution as 
a blue powder, Amax (in acetic acid) 618 my, identical with the product of condensation of 
azulene, 1-formylazulene, and perchloric acid.'»34 

The methanol filtrate was diluted with ether (400 ml.), and a further small quantity (14 mg., 
0-9%) of precipitated salt (XI) was removed. The ether solution, after being washed 
successively with 10% sodium hydroxide and water and dried (Na,SO,), was evaporated to 
small volume before adsorption on a column (6 x 2-5 cm.). Initial elution was with light 
petroleum. The violet-blue eluates were concentrated and azulene (521 mg., 48%) was 
recovered from the residual liquid after further chromatography on a column (10 x 2-5 cm.) 
with light petroleum as solvent and eluant. Subsequent elution of the original chromatogram 
with benzene gave green eluates (150 ml.) which, after evaporation of solvent and treatment 
of the residual oil with 2,4-dinitrophenylhydrazine, gave acetophenone 2,4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 244—246°. 

When the condensation was carried out in boiling acetic acid, the dye salt (XI) was con- 
taminated with a quantity of a sparingly soluble product of unknown structure (Amax, 693 my). 


13 Hafner and Bernhard, Annalen, 1959, 625, 108. 
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2-Hydroxymethylenecyclohexanone with guaiazulene. Guaiazulene (2440 mg.), 2-hydroxy- 
methylenecyclohexanone (1542 mg.), perchloric acid (1-5 ml.), and acetic acid (40 ml.) were 
boiled for 3 min. The crimson solution was cooled and diluted with ether (500-ml.). Impure 
5-isopropyl-1-(5-isopropyl-3,8-dimethylazulen - 1-yl)methylene-3,8-dimethylazulenium _per- 
chlorate 4 (X) (40 mg.) was precipitated as a black solid (Amy, 683 my). The ether filtrate was 
washed exhaustively with sodium carbonate solution followed by water, dried (Na,SO,), and 
evaporated. The residual oil was adsorbed on a column (20 x 2-5 cm.) from benzene. 
Elution with light petroleum gave blue eluates from which guaiazulene (1279 mg., 52%) was 
recovered. Subsequent slow elution of a strongly adsorbed brown band with benzene—ether 
(1:1) gavegreeneluates. 2-(5-Isopropyl-3,8-dimethylazulen-1-yl)methylenecyclohexanone (XXIV) 
(1529 mg., 41%) was obtained as a green oil which after'5 weeks formed green prisms, m. p. 
116-5—119-5° (Found: C, 86-3; H, 8-5. C,,H,,O requires C, 86-2; H, 8-6%). The 2,4-dinitro- 
phenylhydrazone recrystallised from benzene as reddish-brown needles, m. p. 212—216° after 
softening >209° (Found: N, 11-8. C,H 3 9N,O, requires N, 11-5%). 

2-Hydroxymethylenecyclohexanone with 4,6,8-trimethylazulene. Perchloric acid (0-5 ml.), 
4,6,8-trimethylazulene (1400 mg.), 2-hydroxymethylenecyclohexanone (1037 mg.), and acetic 
acid (25 ml.) were boiled for 2 min., the colour changing through scarlet to brownish-red. The 
cooled solution deposited a viscous blue tar. The supernatant liquid was decanted from the 
tar and diluted with ether, and the precipitate was extracted exhaustively with ether. After 
12 hr. dark brown crystals (164 mg.), m. p. ~150° (decomp.), which had separated from the 
ether extracts were filtered off. Attempted recrystallisation failed. The material was 
insoluble in ether, slightly soluble in benzene, and readily soluble in acetone or ethanol, giving 
purple solutions. 

The tar which separated from the reaction solution was dissolved in acetone. Water (1 1.) 
was added, then ether, and the mixture was thoroughly shaken and next morning was filtered. 
Recrystallisation of the solid (14 mg., 0-8%) from methanol gave 4,6,8-trimethyl-1-(4,6,8-tri- 
methylazulen-l-yl)methyleneazulenium perchlorate (XII) (Amax, 640 my), identical with the 
product of condensation of 4,6,8-trimethylazulene with 1-ethoxymethylene-4,6,8-trimethyl- 
azulenium perchlorate.!_ The ether layer was washed with water until free from an unidentified, 
blue, water-soluble substance (Amx. 593 my); it was then reddish-brown and was combined with 
the ether filtrates remaining after filtration of the solid, m. p. 150°. The combined ether 
filtrates were washed with sodium carbonate solution and water, dried (Na,SO,), and evaporated. 
The residue was chromatographed in benzene on a column (20 x 2:5cm.). Elution with light 
petroleum gave purple eluates from which 4,6,8-trimethylazulene (383 mg., 27%) was recovered. 
Subsequent elution of a brown band with ether gave reddish-green eluates which deposited 
crystals after concentration. Recrystallisation of these from cyclohexane gave 2-(4,6,8-tri- 
methylazulen-1-yl)methylenecyclohexanone (XXV) (599 mg., 26%), brown prisms, m. p. 151— 
152° (Found: C, 86-0; H, 8-2. C,9H,,O requires C, 86-3; H, 7-6%). 

2-Hydroxymethylenecyclohexanone with azulene. (a) In boiling acetic acid. Azulene (1081 
mg.), 2-hydroxymethylenecyclohexanone (1061 mg.), perchloric acid (0-5 ml.), and acetic acid 
(25 ml.) were boiled for 30 sec. 1-(Azulen-1l-yl)methyleneazulenium perchlorate (XI) (1534 
mg., 99%) crystallised from the cooled solution as dark blue needles, identical spectrally (Amax. 
618 mu) with an authentic specimen.’*4 

In a second experiment, with azulene (1648 mg.), 2-hydroxymethylenecyclohexanone 
(808 mg.), perchloric acid (1 ml.), and acetic acid (25 ml.), the dye salt obtained in quantitative 
yield was washed several times with ether and water alternately, and the mother-liquor was 
shaken with the ether-water washings. The ether phase was washed with 10% sodium 
hydroxide solution and water, dried (Na,SO,), and evaporated through a short Vigreux column. 
Cyclohexanone distilled at <80°/15 mm. and was identified as its 2,4-dinitrophenylhydrazone, 
yellow plates, m. p. and mixed m. p. 154—156°. 

(b) In methanol at room temperature. Addition of perchloric acid (0-5 ml.) to azulene 
(1039 mg.), 2-hydroxymethylenecyclohexanone (1020 mg.), and methanol (50 ml.) gave a 
reddish-brown solution which was left at room temperature for 5 min. before being poured into 
water (400 ml.)._ The emulsion was shaken with ether (500 ml.) and filtered from a trace (9 mg., 
0-6%) of 1-(azulen-1l-yl)methyleneazulenium perchlorate (XI) (Amax, 618 my). The green ether 
phase was washed with 10% sodium hydroxide solution and water, and dried (Na,SO,) before 
evaporation. The residue was adsorbed from benzene on a column (15 x 2:5cm.). Azulene 
(54 mg., 5%) was recovered from violet-blue light petroleum eluates. Subsequent elution with 
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ether of a strongly adsorbed brown band gave blue-green eluates which furnished 2-(azulen-1-yl)- 
methylenecyclohexanone (X XVI) (353 mg., 19%) asagreenoil. The 2,4-dinitrophenylhydvrazone 
recrystallised from benzene as dark brown needles, m. p. 216—218° (Found: N, 12-9. 
Co3H.)N,O, requires N, 13-45%). 

Hydroxymethyleneacetone with guaiazulene. Perchloric acid (0-5 ml.) was added to 
guaiazulene (199 mg.) and the sodium salt of hydroxymethyleneacetone (112 mg.) in acetic 
acid (5 ml.). After 30 min. at room temperature the scarlet solution was poured into water 
and extracted with ether. The ether extract was worked up in the usual manner, and the 
residue obtained after evaporation of solvent was chromatographed. Guaiazulene (177 mg., 
90%) was recovered from blue light petroleum eluates. The succeeding ether eluates yielded 
4- (5-isopropyl-3,8-dimethylazulen-1-yl)but-3-en-2-one (XVIII) (18 mg., 6%) as a yellowish-green 
oii which could not be purified in sufficient quantity for analysis; distillation at <160°/0-1 
mm. caused partial decomposition. 

Hydroxymethyleneacetone with 4,6,8-trimethylazulene. Perchloric acid (1 ml.) was added to 
a solution of 4,6,8-trimethylazulene (1250 mg.) and the sodium salt of hydroxymethylene- 
acetone (794 mg.) in ethanol (30 ml.). The crimson solution was boiled for 5 min., a further 
400 mg. of the sodium salt were added, and boiling was continued for a further 5 min. before 
the solution was poured into water and extracted with ether. The ether extract was worked 
up and chromatographed as described for the condensation of hydroxymethyleneacetophenone 
with guaiazulene. 4,6,8-Trimethylazulene (1238 mg., 98%) was recovered from the purple 
light petroleum eluates. The ether eluates, yellow in reflected and red in transmitted light, 
yielded 4-(4,6,8-trimethylazulen-1-yl)but-3-en-2-one (XXIII) (17 mg., 1%) which recrystallised 
from cyclohexanone as dark grey plates, m. p. 111-5—-113-5° (decomp.) (Found: C, 85-7; H, 7-6. 
C,,H,,0 requires C, 87-5; H, 7:5%). 

Hydroxymethyleneacetone with azulene. A mixture of azulene (2091 mg.), the sodium salt 
of hydroxymethyleneacetone (2095 mg.), perchloric acid (1 ml.), and ethanol (50 ml.) was 
boiled for 5 min., then worked up and the product chromatographed as described for the 
condensation of hydroxymethyleneacetophenone with guaiazulene. Azulene (2-04 g., 99%) 
was recovered from violet-blue light petroleum eluates. The yellowish-green ether eluates 
from a weak brown band afforded a yellow oil (11 mg., 0-3%) which failed to crystallise after 
further chromatography but was shown by its visible spectrum to be 4-(azulen-1-yl) buten-2-one 
(X XVII) (see Table 1). 

2-Hydroxymethylene-2,3-dihydrophenalen-1l-one with guaiazulene. A mixture of guaiazulene 
(600 mg.), the 2-hydroxymethylene ketone (630 mg.), perchloric acid (1 ml.), and tetrahydrofuran 
(10 ml.) was boiled, then allowed to cool to room temperature. 1-(3-Hydroxyphenalen-2-yl)- 
methylene-5-isopropyl-3,8-dimethylazulenium perchlorate (XXIX) (150 mg., 10%) crystallised 
from the red solution as brown needles, unchanged in form after recrystallisation from aceto- 
nitrile or acetic acid (Found: C, 71-2; H, 5:3. C,,H,,ClO; requires C, 70-9; H, 5-5%). A 
further 630 mg. (43°) of less pure product crystallised slowly from the mother liquor. The 
salt melts slowly to a black tar at >200°. 

Condensation of 2-(Azulen-1-yl)methylenecyclohexanone with Azulene.—Azulene (96 mg.), 
2-(azulen-l-yl)methylenecyclohexanone (177 mg.), perchloric acid (0-1 ml.), and acetic acid 
(10 ml.) were boiled for 2 min. 1-(Azulen-l-yl)methyleneazulenium perchlorate (XI) (100%) 
crystallised extensively from the boiling solution as violet-black needles, identical (m. p. and 
visible spectrum) with an authentic specimen.}3# 

Condensation of Nitromalondialdehyde with Guaiazulene.—A solution of perchloric acid 
(2-5 ml.) in tetrahydrofuran (10 ml.) was added to a suspension of the sodium salt of nitro- 
malondialdehyde (800 mg.) in a solution of guaiazulene (1000 mg.) in tetrahydrofuran (10 ml.), 
all at 5°. The resulting red solution in which the salt dissolved immediately was swirled 
continuously for 5 min. at 5°, while 3-(5-isopropyl-3,8-dimethylazulen-1-yl)-2-nitropropenal 
(XIX) (630 mg., 36%), m. p. 197—202° (decomp.) (block preheated to 190°), crystallised as 
steel-blue needles, unchanged in form or m. p. after being washed with water (100 ml.) and 
methanol (10 ml.) and recrystallised from acetic acid (Found: C, 72:5; H, 6-5; N, 4-4. 
C,,H,,NO, requires C, 72-7; H, 6-4; N, 4:7%). 

The yellowish-brown mother-liquor was set aside for 4 hr. at room temperature. 5-Iso- 
propyl-1-[3-(5-isopropyl-3,8 -dimethylazulen-| - yl) -2-nitropropenylidene}-3,8-dimethylazulenium 
perchlorate (XXXIV) (80 mg., 5%) crystallised as brown needles with a golden reflex, which did 
not melt <350°. The salt is almost insoluble in the common organic solvents and was analysed 
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without recrystallisation (Found: C, 67-9; H, 6-4; N, 2-4. (C,,;H;,CINO, requires C, 68-6; 
H, 6-3; N, 2°4%). 

Condensation of Glutacondialdehyde with Guaiazulene.—(a) Perchloric acid (5 ml.) was added 
to a solution of guaiazulene (5-94 g., 0-03 mole) and the sodium salt of glutacondialdehyde (3-60 g., 
0-03 mole) in methanol (180 ml.) at room temperature. After 15 min. the purple mixture was 
filtered, and the violet-black solid was recrystallised from acetonitrile-methanol (2:1). 5-Iso- 
propyl-1-[5-(5-tsopropyl-3,8 -dimethylazulen - 1-yl)penta-2,4-dienylidene] -3,8-dimethylazulenium 
perchlorate (XKXXV) (2-063 g., 25%) crystallised to two forms: small reddish-brown needles 
with a copper reflex, which melt to a reddish-brown liquid on a block preheated to +182°; 
and large brown needles which do not melt but become progressively darker and finally black 

>280°. The two forms have identical visible spectra (Found: C, 73-8; H, 7-2; Cl, 7-0. 
Cy;Hg ClO, requires C, 75-2; H, 7-0; Cl, 6-3%). 

The methanol mother-liquor was poured into water (1 1.) and was extracted with ether 
(2 x 11.). A small quantity of precipitated dye salt (XX XV) was filtered off, and the ether 
extracts were washed with water (five times) and dried (K,CO,). The green solution was 
evaporated to 250 ml., acetone (50 ml.) was added, and the solution was further concentrated 
to 30 ml. On addition of ether (40 ml.) 5-(5-isopropyl-3,8-dimethylazulen-1-yl)penta-2,4-dienal 
(XX) (3-01 g., 37%) crystallised as black plates. Recrystallisation from acetone-ether (2: 1) 
gave brown plates, m. p. 137—139° (Found: C, 86-0; H, 7-8. COC, 9H,.O requires C, 86-3; 
H, 8-0%). 

(b) Guaiazulene (600 mg., 0-003 mole), perchloric acid (0-5 ml.), the sodium salt of glutacondi- 
aldehyde (180 mg., 0-0015 mole), and methanol (18 ml.) were boiled for 2 min. 5-Isopropyl-1- 
[5-(5-isopropyl-3,8-dimethylazulen-1 - yl) penta-2,4-dienylidene]-3,8-dimethylazulenium _per- 
chlorate (XX XV) (475 mg., 57%) crystallised from the cooled solution as small violet-black 
needles, identical spectrally and, after recrystallisation, in form with the product of 
experiment (a). 

Condensation of 5-(5-Isopropyl-3,8-dimethylazulen-1-yl)penta-2,4-dienal (XX) with Azulenes.— 
With guaiazulene. The aldehyde (XX) (278 mg., 0-001 mole), guaiazulene (200 mg., 0-001 mole), 
perchloric acid (0-2 ml.), and methanol (10 ml.) were boiled for 2 min. The dye salt (XXXV) 
(405 mg., 72%) crystallised from the cooled solution as violet-black needles, identical with the 
products of the two preceding experiments. 

With 1-methylazulene. The aldehyde (XX) (556 mg., 0-002 mole), 1-methylazulene (284 
mg., 0-002 mole), perchloric acid (0-5 ml.), and acetonitrile (15 ml.) were boiled for 1 min. 
5-Isopropyl-1-[5-(3-methylazulen-1-yl)penta-2,4-dienylidene]-3,8-dimethylazulenium perchlorate 
(XXXVI) (460 mg., 46%) separated from the boiling solution as black needles. Recrystal- 
lisation of the salt from acetonitrile gave violet-black needles which soften > 145° to a blue tar 
(Found: C, 71-5; H, 6-2; Cl, 6-0. C,,H,,ClO, requires C, 74-0; H, 6-2; Cl, 7-1%). 

Condensation of B-Hydroxy-a-phenylacrylonitrile with A zulenes.—With guaiazulene (in the absence 
of perchloric acid). Guaiazulene (1431 mg.), the nitrile (1034 mg.), and acetic acid (25 ml.) were 
boiled for 2 min. The cooled greenish-brown solution was shaken with ether (200 ml.) and 
water (200 ml.). The ether extract was washed until free from acid with sodium carbonate 
solution and water, dried (Na,SO,), and evaporated. The residual oil was adsorbed from 
benzene on a column (20 x 2-5 cm.). Guaiazulene.(793 mg., 55%) was recovered from blue 
light petroleum eluates. A yellowish-green band, subsequently eluted with benzene, gave an 
oil (1-07 g., 45°94) which was purified by filtration in benzene through a column (8 x 2-7 cm.). 
The eluates from the second column afforded a yellowish-brown oil which was dissolved in 
ethanol from which 3-(2-cyano-2-phenylvinyl)-5-isopropyl-3,8-dimethylazulene (XXI1) crystallised 
as brown needles, m. p. 84—84-5° (Found: C, 88-4; H, 7-2; N, 4-3. C,,H,,N requires C, 88-6; 
H, 7:1; N, 43%). 

The nitrile (X XI) (200 mg., 62°) was also obtained from a solution of guaiazulene (198 mg.), 
B-hydroxy-«-phenylacrylonitrile (149 mg.), and perchloric acid (1 ml.) in acetic acid (2 ml.) 
which had been left at room temperature for 4 hr. and worked up in the usual manner. 

With 4,6,8-trimethylazulene. Perchloric acid (0-5 ml.) was added to 4,6,8-trimethylazulene 
(1276 mg.) and the nitrile (1080 mg.) in hot acetic acid (25 ml.). The solution was boiled for 
3 min., the colour changing through brownish-red to yellowish-brown, and on cooling deposited 
1,3-di-(2-cyano-2-phenylvinyl)-4,6,8-trimethylazulene (XXXIX) (597 mg., 19%) as brown 
needles (unchanged in form after recrystallisation from benzene), m. p. 227—229° (Found: 
C, 87-5; H, 5-9; N, 6-5. C,,H.,N, requires C, 87-7; H, 5-7; N, 6-6%). The mother-liquor, 
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on being diluted with ether (400 ml.), deposited 4,6,8-trimethylazulenium perchlorate (911 mg.), 
and on being subsequently worked up in the usual manner afforded 4,6,8-trimethylazulene 
(222 mg.). The total quantity of recovered hydrocarbon was thus 795 mg. (62%). 

With azulene. Perchloric acid (0-5 ml.) was added to a solution of azulene (512 mg.) and 
the nitrile (580 mg.) in acetic acid (40 ml.). The solution was boiled for 3 min., the colour 
changing through yellow-brown to yellowish-green, and was diluted with benzene (1-5 1.). 
After filtration from a sparingly soluble precipitate, the benzene solution was washed free from 
acid with sodium hydroxide solution and dried (K,CO,) before concentration to 100ml. 1,3-Di- 
(2-cyano-2-phenylvinyl)azulene (XXXVIII) (102 mg.) crystallised as yellowish-brown plates. 
Recrystallisation from a large volume of benzene gave plates, green in reflected and brown in 
transmitted light, m. p. 280—287° (Found: C, 87-1; H, 4:7; N, 7-0. C,,H,,N, requires 
C, 87-9; H, 4-7; N, 7-3%). The solid, filtered from the unwashed benzene solution, afforded 
a further 34 mg. of product. The yield was thus 136 mg. (9%). The dinitrile is sparingly 
soluble in the common organic solvents, including acetonitrile. 
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702. The Reaction of Nitrous Acid with Glutamine and Glutamic 
Acid. 
By A. T. Austin and J. Howarp. 


The anomalous reaction of glutamine with weakly acidic solutions of 
nitrous acid (Van Slyke determination), where 100% of the total nitrogen is 
evolved instead of the “‘ expected ’’ 50%, occurs because the carbonium ion, 
which is formed by the action of nitrous acid on the «-amino-group, under- 
goes intramolecular cyclisation with the oxygen of the amido-group. The 
hydroxy-amino-compound subsequently formed then reacts with nitrous 
acid, giving a lactone and nitrogen. If the concentration of nitrous acid is 
low the, hydroxy-amino-compound decomposes to a lactone and ammonia, 
and the gas evolved falls to half the volume obtained under ordinary 
Van Slyke conditions. Glutamic acid also forms a lactoné when treated 
with nitrous acid. 


THE reaction of glutamine («-aminoglutaric acid y-amide) with weakly acidic solutions of 
nitrous acid is anomalous in that 100% of the nitrogen is evolved instead of 50%. Under 
conditions of low acidity amido-groups are usually inert towards nitrous acid (undergoing 
less than 1% reaction in 30 min.) and the reason for the reactivity of this group in 
glutamine has caused much speculation. Glutamine stands in contrast to its lower 
homologue, asparagine («-aminosuccinic acid B-amide), whose behaviour towards weakly 
acidic solutions of nitrous acid is “ normal”’ in that only the «-amino-group reacts and 
50% of the nitrogen is evolved. This unusual behaviour of glutamine was first reported 
by Schulze and Bosshard ! in 1883 and re-discovered by Chibnall and Westall ? in 1932. 
The latter workers accepted an explanation put forward by Plimmer * to account for the 
catalytic effect of mineral acids on the acid amide-—nitrous acid reaction * and stated 

* This was that amides normally existed in the imido-form, NH:CR-OH, which in the presence of 


mineral acid became converted into the amido-form, R‘CO-NH,. Only the latter, containing a primary 
NH,-group, was considered capable of undergoing reaction with nitrous acid to liberate nitrogen. 

1 Schulze and Bosshard, Landw. Versuchs-Stat., 1883, 29, 295. 

2 Chibnall and Westall, Biochem. J., 1932, 26, 122. 

3 Plimmer, /J., 1925, 127, 2651. 
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that as the amide group in glutamine reacts readily with nitrous acid in the presence of 
merely acetic acid it must possess the amido-structure R-CO-NH, in the absence of mineral 
acid and in this way be different from other amides. Lichtenstein,* however, showed that 
y-N-methyl- and y-N-ethyl-glutamine liberated 909% and 88%, respectively, of their 
nitrogen in the Van Slyke determination and this was clearly inconsistent with the con- 
clusion that only amides possessing the R‘CO-NH, structure could react with nitrous acid 
to yield nitrogen. Lichtenstein suggested that the reaction of nitrous acid with glutamine 
and the substituted glutamines involved the replacement of the «-amino-group by hydroxyl 
to give the «-hydroxy-y-amide with evolution of one mol. of nitrogen. The hydroxy- 
amide then underwent lactonisation with liberation of ammonia (or the alkylamine) which 
gave the second mol. of nitrogen on reaction with the nitrous acid: 


CO>H COH CO,H 
| | 
CH —NH CH-OH CH 
H 4 _— Hc” — pe ~o + NH; 
; 2 © ele —— 3 
CH,- C-NH, CH,-C-NH, cHY So [unos 
+N; . 


Archibald ® showed this suggestion to be unacceptable on the grounds that free ammonia 
reacts to the extent of only 25% in 5 minutes in the Van Slyke determination whereas 
Lichtenstein’s results required that 80% reaction should have taken place. 

A shift of ground then focused attention on the amide group of asparagine. It was 
suggested © that this group was less reactive than the amide group in glutamine by 
postulating that asparagine existed in aqueous solution mainly in a cyclic form in which 
the nitrogen of the amide group formed part of the ring (see A). Leach and Lindley,’ 
however, pointed out that such cyclic formulations would represent asparagine and 
isoasparagine as substances capable of interconversion in solution whereas this 
interconversion has not been observed. They also cited as evidence against the 
postulated cyclic form the fact that the structure of glycylasparagine, as determined 
by X-ray analysis, showed the amide and the carboxyl group of the asparagine part of 
the molecule to be disposed ¢vans to each other.8 The similarity of kinetic order and 
magnitudes for the rate of hydrolysis of the amide group in asparagine and in asparaginyl- 

m glycine (where no ring formation was considered possible) led Leach 
H,C—CH—NH, and Lindley® to contend that the amido-group in each of these 
¢ c-O” molecules is of the same type and is not part of a cyclic structure. 
0" ‘nN’ “oH This contention received support when the structure determination of 
H asparagine hydrate 1° showed the carboxyl and the amido-group to be 
disposed trans to each other, thus ruling out the possibility of a cyclic 
structure in the solid. The same open-chain structure has also been established for 
glutamine," and the bond distances and bond angles of the amide group in this molecule 
were shown to be very similar to those in acetamide. 

The failure to reveal any fundamental differerce between the structure of amide groups 
in glutamine, asparagine, and acetamide and the lack of experimental evidence to support 
the reaction steps proposed by Lichtenstein made it desirable to re-examine this problem, 
for it was felt that the principle concerned in the anomalous behaviour of glutamine might 


(A) 


4 Lichtenstein, J]. Amer. Chem. Soc., 1942, 64, 1021. 

5 Archibald, Chem. Rev., 1945, 37, 161. 

® Steward and Thompson, Nature, 1952, 169, 739. 

7 Leach and Lindley, Nature, 1953, 171, 1062. 

8 Katz, Pasternak, and Corey, Nature, 1952, 170, 1066. 

® Leach and Lindley, Trans. Faraday Soc., 1953, 49, 915. 

10 Saito, Cano-Corona, and Pepinsky, Science, 1955, 121, 435. 
't Cochran and Penfold, Acta Cryst., 1952, 5, 644. 
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be of wider application in organic chemistry. Ground-state structures are often of no 
more than ancillary help in elucidating the nature of chemical reactions and it seemed that 
a kinetic investigation constituted the best approach. Sachs and Brand have shown 
qualitatively that a lactone is formed in the deamination of glutamine (and they postulated 
that this was formed by cyclisation of the initially formed carbonium ion) but in the 
absence of kinetic data their observations apply to other mechanisms that can be 
formulated for the reaction. The present investigation was designed to establish the 
kinetic form for this reaction and, by measuring the reactivity of the only plausible inter- 
mediate, it has been possible to put forward a mechanism that accounts for the reactivity 
of the amide group in glutamine. 


RESULTS 
Formation of Lactone.—The formation of a lactone in the deamination of glutamine by 
nitrous acid was shown qualitatively by using the hydroxamic acid test, and the identity of 
the lactone was established as y-carboxy-y-butyrolactone by comparison of the infrared 
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spectrum of the isolated compound with that of an authentic specimeni of this lactone. Deamin- 
ation of glutamic acid was likewise shown to produce the same lactone. Treatment of y-N- 
methylglutamine with nitrous acid also resulted in a lactone, but no lactone was detected 
when aspartic acid was treated with nitrous acid under the same conditions. 

Rate of Deamination of Glutamine and Rate of Formation of Lactone.—The two curves in 
Fig. 1 show, severally, the rate of disappearance of glutamine from aqueous nitrous acid 
solutions of this compound and the rate of formation of lactone in the same solution. They 
show that the disappearance of the amino-compound occurs at approximately the same rate as 
the appearance of the lactone over the whole course of the reaction. 

Free ammonia was formed in solution during these runs and the ninhydrin colour determin- 
ations of the unchanged glutamine had to be corrected to allow for the proportion of 
colour produced by the reaction of ninhydrin with the ammonia (see p. 3599 for a discussion of 
the formation of ammonia in these runs). When glutamic acid was treated with nitrous acid 
in the above manner a similar pair of curves was obtained, showing that the deamination of 
glutamic acid resulted in the simultaneous formation of y-carboxy-y-butyrolactone. In this 
case no ammonia is formed and no correction to the ninhydrin readings was necessary. 

A series of reaction—-time measurements for the disappearance of amino-compound and the 
appearance of lactone was carried out in which the amino-compound was determined by the 
copper complex method of Pope and Stevens (p. 3602). This determination is unaffected by the 


18 Sachs and Brand, J. Amer. Chem. Soc., 1954, 76, 3601. 
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presence of free ammonia. Fig. 2 shows the results of two sets of experiments carried out at 
different concentrations of nitrous acid. 

By using the method of initial rates it can be seen from the gradients of a and a’, and b and 
b’, in Fig. 2, that the lactone is formed in both solutions at 97% of the rate of the deamination. 
Curve c in Fig. 2 shows the calculated amount of lactone (x 1000) that would have been formed 
by lactonisation of «-hydroxyglutaric acid (from the measured rate of lactonisation of the 
hydroxy-acid) and it can be seen that the amount of lactone formed after 80 min. in the 
glutamine-nitrous acid reaction is approximately 4500 times the amount that could have been 
formed by lactonisation of the a-hydroxy-acid (see below the reasons for using this acid for 
comparison). 

Kinetic Order for the Reaction.—Fig. 2, curve a, and Fig. 3 show that doubling the initial 
concentration of glutamine caused the reaction to go twice as fast and Fig. 2, curves a and b, 
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that the doubling of the initial concentration of nitrous acid increased the initial rate four-fold. 
The overall rate expression for the glutamine-nitrous acid reaction is therefore: 

v = k[Glutamine][Nitrous acid]? 
where & = 13-3 + 1-3 mol. 1.2 min.“ at 24-6°. 

Amount of Lactone Formed Relative to the Amount of Glutamine Deaminated.—The percentage 
of deamination of glutamine equivalent to lactone formation given earlier was derived by 
comparison of the respective initial rates. However, as the amount of lactone formed from 
a-hydroxyglutaric acid is extremely small, it is possible to obtain a more accurate estimate of 
the percentage of deamination resulting in lactone formation by comparing directly the amounts 
of glutamine deaminated with the amount of lactone found at any one time. On averaging 
readings, taken at 10 min. intervals, from the curves in Fig. 2 and 3 the value 93 + 3% is 
obtained for the percentage of deamination leading to lactone formation. This figure is 
accurate to within 3%, whereas the value obtained from the initial rates (96—97%) is limited 
to the 5% accuracy that was possible in measuring the gradients. 

Rate of Deamination of Glutamic Acid and Rate of Formation of Lactone.—Fig. 4 shows the 
reaction—time curves for the disappearance of glutamic acid from aqueous nitrous acid solutions 
of this compound and the rate of formation of lactone in the same solution. The similarity of 
these two curves with the corresponding ones for glutamine (Fig. 2, curves a and b) indicates 
that the same processes occur with both the amino-compounds in question and that the lactone 
is formed in a reaction that is fast by comparison with the rate of lactonisation of the «-hydroxy- 
glutaric acid (curve c). 

The identical behaviour for these two items (deamination/lactone formation and the ratios 
thereof) for glutamine and glutamic acid meant that the y-carboxamide group and the 
y-carboxyl group must react with the carbonium ion at similar (fast) rates. We accordingly 
felt justified in using the measured rate of lactonisation of the «-hydroxy-acid only, to compare 
possible origins of lactone in the reactions of both glutamine and glutamic acid. In the absence 
of this identical behaviour we should have felt obliged to measure the rate of lactonisation of the 
a-hydroxy-y-amide. 

Nature of the Gas Evolution.—The formation of ammonia during the kinetic experiments 
was unexpected. Chibnall and Westall had observed that glutamine liberated 92% of the 
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total nitrogen in the Van Slyke determination; this ruled out the possibility that ammonia was 
formed under the conditions of this determination, for it is known (and our experiments 
confirmed it) that ammonia undergoes only partial (36%) reaction in the Van Slyke 
determination. Experiment further showed that glutamine yielded 93% lactone in the time 
prescribed for this determination. This observation, together with the kinetic finding that the 
lactone is formed at a rate very similar to that of deamination, indicated that the conditions 
of the kinetic runs and the Van Slyke determination were sufficiently different to permit different 
reactions to occur after the cyclisation (a necessary preliminary for lactone formation) had 
taken place. The most obvious difference appeared to be the respective concentrations of 
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nitrous acid. Table 1 shows the volumes of gas obtained in the Van Slyke determinations 
when the concentration of nitrous acid was progressively lowered. 

These results show that the higher the concentration of nitrous acid and sodium nitrite the 
greater is the volume of nitrogen liberated. It will be shown below (p. 3601) that intervention 
of the nitrite ion can be ruled out and the above results must be interpreted in terms of the 
effect of nitrous acid concentration alone. 

The volume of gas obtained was measured with approximately the same concentrations of 


TABLE 1. Gas volumes obtained in Van Slyke determination of glutamine with 
varying [HNO, + NaNO,] at pH = 3-7. 


Initial Reaction Total Initial Reaction Total Initial Reaction Total 
(HNO, + time nitrogen [HNO, + time nitrogen [HNO, + time nitrogen 
NaNO,]*  (min.) (%) NaNO,] * (min.) (%) NaNO,] * (min.) (%) 

0-86M 8 98-3 0-54M 8 87-4 Q:27M 8 69-3 

30 100-0 10 88-0 30 85-0 
165 100-0 34 90-3 
180 93-5 


* The reagents used in the Van Slyke determination generate in situ nitrous acid, quite dilute 
(0-05m) solutions of which readily decompose. It is thus only permissible to refer to initial concen- 
trations of nitrous acid and sodium nitrite. 


nitrous acid as were used in the kinetic runs; and the pH was varied over the range 2-3—3-3. 
In all determinations, irrespective of whether sulphuric acid or acetic acid was employed, only 
50% of the total nitrogen was evolved. 

Gas evolution took place at approximately the same rate as during formation of lactone in 
the kinetic runs. After the 50% gas evolution 2—3% more gas was+liberated in the next 
13 hours. This showed that the ammonia in solution was not attacked to any significant extent 
under these conditions, and any disturbance from this source could be ignored in the kinetic 
experiments. 

Composition of Evolved Gas in the Van Slyke Determination of Glutamine and Related Com- 
pounds.—The gas absorbent used in the normal Van Slyke procedure (alkaline potassium 
permanganate) prevents the detection of any carbon dioxide or nitrous oxide in the evolved gas; 
accordingly the gas evolved was treated in turn with selective absorbents, viz., acid ferrous 
sulphate (NO); sodium hydroxide (CO,); ethyl alcohol (N,O). The residual gas was assumed 
to be nitrogen, after negative tests for carbon monoxide with ammoniacal cuprous chloride. 
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The composition of the gases evolved in the Van Slyke determination of glutamine and of 
alanine are shown in Table 2, together with the gases (if any) evolved when the deaminated 
residues were heated. 


TABLE 2. Composition of gas evolved in the Van Slyke determination of glutamine and 
alanine at 20° and after heating to 100°. 


Gas volume as % of total nitrogen in amino-acid 


Amino-acid Temperature N, co, N,O co 
Glutamine 20° 98 Nil Nil Nil 
- After heating rection residues Nil Nil Nil Nil 
Alanine 20° 100 35 4 Nil 

; After heating reaction residues 50 10 Nil Nil 


These results show that pure nitrogen is evolved in the deamination of glutamine, whereas 
the gas obtained from alanine indicates considerable deviation from simple deamination. 
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y-N-Methylglutamine gave 86% of lactone in the Van Slyke determination and 85% of the 
total nitrogen was evolved. If the determination was slightly modified so that, relative to the 
amino-compound, a higher concentration of nitrous acid was present, 95% of the total nitrogen 
could be obtained. There was also about 2% of carbon dioxide in the evolved gas. 

It was of interest to ascertain the behaviour of isoglutamine in the Van Slyke determination 
as in this case the cyclisation envisaged for the glutamine-nitrous acid reaction could not occur 
and only 50% of the total nitrogen should be liberated. Table 3 shows that, while only slightly 


TABLE 3. Composition of gas evolved in the Van Slyke determination of 
isoglutamine at 20° and after heating to 100°. 
ai 


Gas volume as % of total nitrogen in amino-acid 


Temperature N, co, N,O 
20° 55 5 2 
After heating reaction residue to 100° 25 6 5 


more than 50% of the total nitrogen is evolved at 20°, the presence of carbon dioxide and 
nitrous oxide in the collected gas indicates considerable deviation from simple deamination. 
The deaminated solution, at 20°, gave a faint red colour when alkaline, indicating the presence 
of nitrolic acids. 

Comparative experiments with a-alanine amide showed its behaviour to be similar to that 
of isoglutamine and 55% of the total nitrogen was evolved in the Van Slyke determination at 
room temperature; similar measurements of the gas evolved from propionamide showed that 
only 2% of reaction occurred in 15 minutes at 70°. 


DISCUSSION 
The rate expression for the nitrous acid deamination of glutamine is of the form: 
v oc [Amine][Nitrous acid]? 
and this is the same as the expression originally obtained for a series of amines and amino- 
acids by T. W. J. Taylor in 1928. Following Hammett,* Hughes and Ingold’s school, 


13 Taylor, J., 1928, 1099, 1897; Taylor and Price, J., 1929, 2052. 
™ Hammett, “‘ Physical Organic Chemistry,’’ McGraw-Hill Book Co., New York, 1940, p. 294. 
19 Brewster, Hiron, Hughes, Ingold, and Rao, Nature, 1950, 166, 179. 
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and Whitmore !¢ the reaction is considered to involve a rate-determining N-nitrosation by 
interaction of N,O, (oc [HNO,]*) with the free amino-group, leading, by subsequent fast 
steps, to a carbonium ion: 


° N,O, | + | | at 
—C-NH, —C-NH,*NO —  —C-NH:NO — -—C-N=N-OH — » -CON, — » -—C+ 


| aaead | | | | 


The carbonium ion, *CH(CO,H)*[CH,],*CO*-NH,, formed in the nitrous acid deamination of 
glutamine could lead to the product, y-carboxy-y-butyrolactone, by two processes: (a) by 
lactonisation of the hydroxy-amide formed by interaction of the carbonium ion with water 
and (8) by intramolecular interaction between the electron-deficient centre of the carbonium 
ion and the oxygen of the amide group to form a cyclic carbonium ion which with water 
gives a hydroxy-amino-compound that in turn rapidly gives the lactone: 


CO.H COnH CO.H COH 
SHNH: N20, +CH (2) J SH-OH aN 
CH,—C—NH, CH,-C—NH, CH,-C-NH, CHS So 
CO2H CO3H , 4 
b) i | 
( CHY CH. 
uc’ 69. > Hc’ = POH 
. 2 + 2 a 
ee 4 
CHZ “NH, CHY ~NH; 


As the lactone appears in the reaction at 93% of the rate of deamination of the amine 
the processes involved in the formation of lactone from the carbonium ion must be fast 
and, since the «-hydroxyglutaric acid undergoes lactonisation only very slowly at the pH 
of the deamination, the route to the lactone through the hydroxy-acid has been rejected. 
Route (b) must then be considered. 

Liberation of ammonia during the kinetic runs first showed that the postulated 
hydroxy-amino-compound must be unstable under faintly acid conditions, and experiment 
showed that it was able to behave in two ways which are determined by the concentration 
of nitrous acid. If this was small, only 50% of the total nitrogen in glutamine was 
liberated quickly and this was followed by a very slow evolution of gas (Fig. 5). On the 
other hand, if the concentration of nitrous acid was high (Van Slyke conditions) 
approximately 100% of the nitrogen was evolved in 4 minutes. These observations can 
be explained by assuming that in the absence of an appreciable concentration of nitrous 
acid the hydroxy-amino-compound undergoes simple hydrolysis to the lactone and 
ammonia (which reacts very slowly with nitrous acid), whereas in the presence of much 
nitrous acid it reacts rapidly with this reagent to form the lactone and nitrogen: 


CO:H 
CHy HNO? 
CO,H 4 Oo H20 
Me me th, eee 
4 ~o CHy “Oo 
| 
™ 2m 
CHz NH) © HNO} com 
Fast puns 
H,C I + N, + H,0 
<a 
CH; “Oo 


16 Whitmore, J. Amer. Chem. Soc., 1932, 54, 3274, 
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With intermediate concentrations of nitrous acid varying amounts of nitrogen were 
obtained (Table 1), and these findings are considered to be due to the occurrence, under 
these conditions, of differing proportions of the above two routes. 

In our view amide groups are unreactive towards weakly acid solutions of nitrous acid * 
(and electrophilic reagents in general) because quantum-mechanical delocalisation reduces 
the “ availability ’’ for bond formation of the lone-pair electrons on the nitrogen atom. 
In postulating that the carbonium ion derived from glutamine cyclises to form a hydroxy- 
amino-compound it is assumed that the electronic environment of the nitrogen atom of the 
original amide group has been considerably altered, that the electron-delocalisation has 
been removed, and that the lone-pair electrons on the nitrogen atom would be “ more 
available” for bond formation. The hydroxy-amino-compound would be expected to 
be more susceptible to interaction with protons ard other electrophilic reagents. It is 
now necessary to explain why the hydroxy-amino-compound reacts so much faster than 
ammonia with nitrous acid. 

These hydroxy-amino-compounds, by analogy with aldehyde-ammonias, would be 
expected to be unstable. Moreover, Fittig '* obtained the compound (B) by reaction of 


Me CO,H CO;H 
1 | 1 
CH CH CH 
Hac” 9 HAC” On Cc “? , 
\ H | - | 
wy Peay 2 cc? H ——> 2 ee NO \ 
CH, NH, CH; NH, oy “So - 
: om + 
(B) (C) C (D) ome 
ON— NO, 


ammonia with y-valerolactone and found that it was readily decomposed by acids to 
regenerate the y-valerolactone. The rapidity of this reaction and the ease of decomposition 
of aldehyde-ammonias in general indicate that very little energy is required to break down 
these hydroxy-amino-structures and the catalytic effect of acids almost certainly involves 
protonation at the nitrogen atom. Electron-accepting reagents other than protons could 
take part in this electrophilic attack at the nitrogen atom and if the electrophilic reagent 
in solution were mostly N,O, one could envisage decomposition of the hydroxy-amino- 
compound (from glutamine) as (C)—» (D), etc. A synchronous electron shift is 
envisaged rather than a process involving preliminary N-nitrosation followed by decom- 
position, and in this way the reaction would be analogous to the E2 mechanism for olefin 
formation.'* The driving force for the reaction would be the stability of the carbonyl 
compound and the fact that the fragmentation enables interaction (nitrosation) to occur at 
the nitrogen atom without involving the sf * lone-pair electrons. The electron configur- 
ation of the nitrogen atom is accordingly not disturbed and the nitrogen is at all times in 
its most stable tervalent form. The reason why the hydroxy-amino-compound reacts 
with nitrous acid more readily than ammonia reacts is thus seen to depend on the fact that 
ammonia cannot augment its electron-availability at the nitrogen atom in the manner 
permitted by the synchronised decomposition, and its nitrosation requires all four sf%- 
orbitals of the nitrogen to be utilised for bond formation. 

The entities formed in the fragmentation are the lactone and NH,*NO. The latter 
compound would readily change to HN=N-OH and this would rapidly decompose with 
evolution of nitrogen. In the absence of an appreciable concentration of nitrous acid the 


* The catalytic effect of mineral acid is considered to arise from the formation, under these con- 
ditions, of the more powerful nitrosating entities ‘H,ONO and NOt. The possibility that the catalytic 
effect is due to conversion of the amide into the imido-form, with nitrosation occurring by attack on the 
molecular 27-electrons cannot, however, be excluded. 


17 Fittig, Annalen, 1890, 256, 150. 
18 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell, London, 1953, p. 420. 
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decomposition of (C) would be catalysed only by protons, and the products under these 
conditions would then be the lactone and free ammonia. 

In none of the reactions of glutamine (or glutamic acid) was the yield of lactone higher 
than 93%. As lactonisation of the hydroxy-acid had been shown to be slow it was thought 
that this figure indicated that only 93° of the carbonium ions formed in the deamination 
underwent cyclisation (the other 7% were probably shared between reactions leading to 
the hydroxy-acid or «$-unsaturated acids, and these were not followed). It is a con- 
sequence of the statements just made that, at high concentrations of nitrous acid, the 
volume of nitrogen evolved in the glutamine—nitrous acid reaction would be derived as 
follows: Volume of nitrogen = 50% from the «-amino-group + 93% of 50% from the 
original amide group = 96-5%. This figure agrees satisfactorily with the experimental 
value of 98% (Table 2). 

It is also consistent with the postulate of rapid and extensive cyclisation that the gas 
evolved in the glutamine-nitrous acid reaction is pure nitrogen, for the 93% cyclisation 
would preclude any but a very small amount of intervention by nitrite ions (see below). 


wor Con CO,H CO2H 
| | 
CH-NH *CH CH CH 
7 , La a i — , iil. — . iii 
H,C re) from H,C Oo H,C Vy H,C 1LOH 
r HNO? *% : N.C ™* <i 
CH,-C—NH; CH,~C-NH2 CH, ~NH) CHY NH, 
(Van Slyke) y 
HNO? 
COsh ©o,H 
CHyY CH... 
. ™ Cs ; ‘\ “fy 
CH; O CH; “O 
N2 + H,O 
2 2 +NH3 


The scheme suggested for the nitrous acid deamination of glutamine is as annexed. 
Deamination of y-N-methylglutamine would involve a similar sequence of reactions, and 
in the nitrous acid reaction of the hydroxy-amino-compound the detached nitrosated 
fragment would be Me-NH-NO which would rapidly decompose to molecular nitrogen via 
the diazonium intermediate. 

Deamination of glutamic acid would also follow the same sequence as far as the cyclic 
carbonium ion at which stage the product is probably formed by simple deprotonation (E). 

The anomalous behaviour of glycine in the Van Slyke determination has been 
shown to be caused by interaction of nitrite ions with the carbonium ions which 
are formed in the deamination,!® and the results for the deamination of alanine and 
isoglutamine indicate that similar intervention of nitrite occurs in these cases. Nitrolic 
acids were formed in solution, the evolved gases contained carbon dioxide, and further gas 
was obtained when the solutions were heated after the initial gas evolution had subsided. 

None of these phenomena occurred with gutamine or glutamic acid. 


Gout Intervention by nitrite ion can be ruled out., The anomaly with 
CH~ ; glutamine is related to the cyclisation, and in this way differs from 

(E) . : ey , . ; : ; 
HC l the anomalous behaviour of glycine in the Van Slyke determination. 


Ncud hin Although twice as much as the expected amount of nitrogen is 
obtained in the deamination of glutamine the reaction is in a sense 
very much less disturbed than is that with glycine and the other amino-compounds noted 
above, for it is possible to obtain good yields of the hydroxy-acid by hydrolysis of the 
lactone that is formed in 93% yield. 
1 Austin, J., 1950, 149. 
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EXPERIMENTAL 


Glutamine.—Tosylglutamic acid was prepared by Harington and Moggridge’s method *° but 
in our hands the yields were not good. Excellent yields (85%) were, however, obtained by 
leaving the clear solution obtained by shaking the acyl chloride with glutamic acid at 70° for 
2 hr. before acidification. The tosylglutamic acid was converted into glutamine according to 
the directions of Swan and du Vigneaud,”! and this was purified by passage of its 0-02M-aqueous 
solution through a column (32 x 2-5cm.) of cation-exchange resin, Zeo-Karb 216 (20—60 mesh). 
The overall yield from glutamic acid was 24% of glutamine, m. p. 182° (Found: C, 40-85; H, 
6-75; N, 19-05. Calc. for C;H,»N,O,;: C, 41-1; H, 6-8; N, 19-2%). 

y-Carboxy-y-butyrolactone.—Glutamic acid (14-7 g., 0-1 mole) was suspended in water (100 
c.c.) atroom temperature. Sodium nitrite (8-4 g., 0-12 mole), in water (60 c.c.), and 2N-sulphuric 
acid (60 c.c., 0-06 mole) were simultaneously added during 2 hr. The clear solution was left 
overnight and then evaporated under reduced pressure to asyrup. The syrup was eluted with 
hot acetone and, after removal of the acetone, the eluate was distilled and the fraction of b. p. 
156—160°/0-2 mm. collected. On storage this slowly changed to a waxy solid, m. p. 50° (lit.,2* 
50°) (Found: C, 45-75; H, 4-55. Calc. for C;H,O,: C, 46-2; H, 46%). Rapid titration with 
alkali (phenolphthalein) showed the presence of one carboxyl group per molecule. 

y-N-Methylglutamine.—This was prepared from 5-oxopyrrolidine-2-carboxylic acid and 
methylamine (cf. Lichtenstein *) and had m. p. 188° (lit.,4 190°) (Found: C, 44-95; H, 7-7; 
N, 17-2. Calc. for CgH,.N,O,: C, 45-0; H, 7-5; N, 17-5%). 

Isoglutamine.—The product obtained by Swan and du Vigneaud’s method *! contained 
much inorganic impurity; this was removed by the use of the cation-exchange resin Zeo- 
Karb 216. The final product had m. p. 186—187° (lit.,24 186°) (Found: C, 40-7; H, 7-2; N, 
18-8. Calc. for C;H,)N,O,: C, 41-1; H, 6-85; N, 19-2%). 

Alanine Amide.—Alanine (10 g., 0-1 mole) was suspended in absolute ethanol (100 c.c.), and 
dry hydrogen chloride passed in until the solid dissolved. Next morning the alcohol was 
removed under reduced pressure and the colourless syrup obtained was treated at 0° with 
methanol (10 c.c.) saturated with ammonia. Ether (100 c.c.) was then added, ammonium 
chloride filtered off, and the solution dried (K,CO,) and evaporated under reduced pressure 
at <20°. The ester was dissolved in dry ether, further dried (MgSO,), and distilled. The 
fraction of b. p. 62°/25 mm. was collected and portions (8 g.) were heated in ammonia (100 c.c.; 
d 0-88) at 70° for 24 hr. (sealed tube). The excess of ammonia was removed under a vacuum, 
the white residue triturated with hot chloroform, and the unchanged alanine filtered off. 
Evaporation of the chloroform extract gave a white amide which, recrystallised from chloro- 
form, had m. p. 68° (lit.,25 72°). 

Identification of the Lactone formed in the Glutamine—Nitrous Acid Reaction.—Glutamine 
(1 g.) in water (100 c.c.) was treated with a slight excess of sodium nitrite and 2N-sulphuric 
acid. After 1 hr. the solution was evaporated in vacuo and the solid obtained was extracted 
with ether for 24 hr. Removal of the ether gave a yellowish oil mixed with crystals. The 
infrared spectrum (in chloroform) was identical with that of authentic y-carboxy-y-butyro- 
lactone prepared from «-hydroxyglutaric acid. The infrared spectra were obtained with a Grubb- 
Parsons double-beam spectrophotometer. . 

Estimation of Glutamine.—The ninhydrin colorimetric method for amino-acids was unsuitable 
for accurate determinations required in the kinetic runs owing to interference caused by 
ammonia. The copper complex method of Pope and Stevens,“ as modified by Kay and Mills,”® 
was used to estimate glutamine. The action between nitrous acid and glutamine was stopped 
at pH 9 (required for optimum ammine formation), and the addition of sulphamic acid to the 
acidified copper ammine solution destroyed any nitrous acid in solution. The estimation had 
an accuracy of + 2% (which sufficed) and was unaffected by the lactone in solution. The same 
procedure was followed in the estimation of glutamic acid. 


20 Harington and Moggridge, J., 1940, 706. 

1 Swan and du Vigneaud, J. Amer. Chem. Soc., 1954, 76, 3110. 
22 Ingold, J., 1921, 119, 318. 

23 K6énigs and Mylo, Ber., 1908, 41, 4432. 

24 Pope and Stevens, Biochem. J., 1939, 38, 1070. 

25 Kay and Mills, Analyt. Chem., 1950, 22, 706. 
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Estimation of y-Carboxy-y-butyrolactone—The colorimetric method using the ferric—hydr- 
oxamic acid complex ** was adapted as follows. Samples (2 c.c.) of reaction solution were 
run into 0-4m-sulphamic acid (2 c.c.), to destroy nitrous acid, and after 2—3 min. alkaline 
hydroxylamine (2 c.c.), prepared by mixing equal volues of 2N-hydroxylamine hydrochloride 
and 3-5N-sodium hydroxide, were added. The hydroxamic acid was formed completely in 
3 min. The solution was then acidified with 20% hydrochloric acid (1 c.c.), and 0-74M-ferric 
chloride (1 c.c.) was added. The red solution was diluted with 20 c.c. of 0-74M-ferric chloride 
in 0-1N-hydrochloric acid, and the optical density compared with that of the control determin- 
ation, a Hilger photo-electric absorptiometer being used with filter no. 605. Calibration was 
obtained with a colour standard which was prepared from known amounts of y-carboxy-y- 
butyrolactone; the calibration chart obtained by dilution of the standard showed a linear 
relationship (up to 0-03m). 

The lactone formed in the kinetic runs underwent less than 5% of hydrolysis in 4 hr. and 
equilibrium between the lactone and the hydroxy-acid required 3 days when 32% of hydroxy- 
acid was present. Glutamine in solution had no effect on the optical densities. 

Kinetic Determinations.—The reaction vessel consisted of a 250 c.c. bolt-head flask fitted 
with a mercury-seal stirrer and a sampling tube that dipped below the surface of the liquid. 
A weighed amount of the amino-compound was dissolved in the appropriate volume of water in 
the reaction vessel which was then filled with pure nitrogen. The nitrogen was displaced by 
nitric oxide (prepared and purified by Farkas and Melville’s method 2’), it having been shown 
that an atmosphere of nitric oxide prevents decomposition of the nitrous acid during a run. 
Calculated volumes of sodium nitrite solution and sulphuric acid (each having been deoxygenated 
under nitrogen at the reaction temperature) were rapidly introduced into the reaction flask 
through the sampling tube, which was then closed. Samples (2 c.c.) were withdrawn at timed 
intervals and the unchanged amine and ‘the lactone estimated as described. The temperature 
was 24-60° + 0-02°. 

Rate Constant for Lactonisation of «-Hydvroxyglutaric Acid.—Known amounts of y-carboxy-y- 
butyrolactone were dissolved in an excess of standardised alkali and left until the hydroxamic 
acid test for lactones was negative. The alkaline solutions were then acidified with calculated 
amounts of acid and the rate of lactonisation measured colorimetrically by the ferric-hydroxamic 
acid reaction. A Cambridge pH-meter was used to determine the pH at the onset of each run. 
The method of initial rates and the velocity expression gives, for v = k[Hydroxy-acid][H*], 
k = 2-95 + 0-03 x 10° mole™ 1. sec.“! at 24-6°. 

The Van Slyke apparatus was the manometric type supplied by Messrs. Gallenkamp & 
Co. Ltd., London, and the detailed gas analyses were carried out on gas collected directly from 
the reaction vessel and submitted to selective absorbents in a series of connected gas-burettes. 


One of us (J. H.) thanks the Department of Scientific and Industrial Research for 
financial support. : 
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26 Hestrin, J. Biol. Chem., 1949, 180, 249. 


27 Farkas and Melville, ‘‘ Experimental Methods of Gas Reactions,” MacMillan, London, 1939, p. 
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703. The ortho: para-Ratio in Aromatic Substitution. Part II. 
Chlorination with t-Butyl Hypochlorite. 


By D. R. Harvey and R. O. C. Norman. 


Reports that t-butyl hypochlorite gives rise to very high ortho : para-ratios 
in chlorination of monosubstituted benzenes have been shown to be erroneous. 
It has been found that in acid solutions the attacking entity is the highly 
reactive chlorinium ion (Cl*), whereas in non-acidic conditions it is molecular 
chlorine, to which t-butyl hypochlorite slowly decomposes. A number of 
reactions reported in the literature have been interpreted in the light of these 
findings. The reaction of molecular chlorine with phenol in solution has 
been found to give o-chlorophenol in 74% yield; reaction of t-butyl hypo- 
chlorite with the phenoxide ion, when the attacking species is almost 
certainly hypochlorous acid, forms o- and p-chlorophenol in a ratio of 4: 1. 
Possible explanations for these phenomena are advanced. 


In order to elucidate further the factors which govern the ortho : para-ratio in aromatic 
substitution,! we have investigated the reactions of t-butyl hypochlorite with a number of 
monosubstituted benzenes. We chose the reactions of this compound because of reports 
that it gives rise to unusually high ortho : para-ratios of chloro-derivatives with benzenoid 
compounds.** It was of interest to see whether the behaviour of t-butyl hypochlorite 
was related to that of acetyl nitrate, which also gives high yields of ortho-substituted 
derivatives in reactions with monosubstituted benzenes.* 

The nature of the species responsible for chlorination in many of the reactions of 
t-butyl hypochlorite with organic compounds is known. Chlorination of methylene 
groups in allylic systems,® and of methyl groups in toluene and substituted toluenes,’? by 
t-butyl hypochlorite has been shown to involve attack by chlorine atoms. Olefins react 
with the reagent in aqueous solution in the presence or absence of acid to form chloro- 
hydrins,*-* and in alcoholic solution to form chlorohydrin ethers,® and these reactions are 
analogous to the two-stage ionic addition of molecular chlorine in such solvents. In its 
reactions with benzenoid compounds, however, t-butyl hypochlorite resembles neither 
atomic nor molecular chlorine. Toluene, which is substituted in the side-chain by chlorine 
atoms, and which forms o- and /-chlorotoluenes in a ratio of about 3:2 with molecular 
chlorine," is reported to form 93°% of o-chlorotoluene with t-butyl hypochlorite in acid 
solution. Chlorobenzene is likewise reported * to form o- and /-dichlorobenzene in a 
ratio of 4: 1, whereas it does not react with molecular chlorine except in the presence of a 
halogen carrier. Anisole * and phenol ® are reported to give o-chloro-derivatives in 87% 
and 94% yield, respectively, with t-butyl hypochlorite, as compared with 21% 1" and 50% 38 
for chlorination by molecular chlorine. 

From these reports, it appeared that t-butyl hypochlorite may chlorinate aromatic 
compounds by a different mechanism from that of “‘normal”’ chlorinations. Free- 
radical reactions with aromatic compounds customarily give high ortho : para-ratios,\ 


Part I, Norman and Radda, /., 1961, 3030. 
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but although it has been suggested that chlorination with t-butyl hypochlorite involves 
radical intermediates (a theory which is discussed in greater detail below), it is doubtful 
whether direct replacement of hydrogen atoms attached to aromatic nuclei by halogen 
atoms takes place except under extremely vigorous conditions. 

We have redetermined the products obtained in the chlorination by t-butyl hypo- 
chlorite of anisole, toluene, chlorobenzene, and phenol, studying these reactions in different 
solvents and in the presence and absence of acid. We have also investigated the chlorin- 
ation of the phenoxide ion with t-butyl hypochlorite, and the chlorination of all these 
aromatic compounds with molecular chlorine and with the chlorinium (Cl*) ion. The 
reactions were carried out at 25°, and gas chromatography was used to determine the 
ratios of chloro-isomers, control experiments with synthetic mixtures showing that the 
analytical method was accurate to +2%. To minimise disubstitution, the extent of 
chlorination was always small. 

Anisole.—Results for the chlorinations are set out in Table 1. Contrary to the report 4 
that anisole forms 87% of the o-chloro-derivative when treated with t-butyl hypochlorite 
in acetic acid and sulphuric acid, we found that the #-chloro-derivative predominates. 
The values for the ortho: para-ratios obtained with this reagent fall into two groups, 
dependent on the presence or absence of acid. Further, chlorination occurs to a con- 
siderable extent in acid solution in a few minutes, whereas chlorination in the absence of 
acid is extremely slow. 

TABLE 1. Chlorination of anisole. 
. Orientation (%) * 
Conditions o- 


— 


p- 

t-Butyl hypochlorite in: carbon tetrachloride .................ss0000s 23-0 77-0 

EL: diteaniminnignickaneeammaienemaidiinneiicn 20-0 80-0 

IE siicasnccereiscsisansecvessccessesss 20-5 79-5 

SIND | saciiseccecisencssevicceticanesensecce 20-1 79-9 

ROUND GIDE sentesicncssiwioungncrcnrcsecinsvneest 33-5 66-5 

acetic acid-sulphuric acid ............... 35-5 64-5 

RI GID SIU cans uhhieacovsncasacnincssnanbisowciabenenceiaeeanonckestenonne 20-5 79-5 

SEINE BUND CY TIMED iis inctsncauidausanbanehseruskesabainessusneeinesens 34:9 65-1 

* No m-chloroanisole was obtained. 
TABLE 2. Chlorination of chlorobenzene. 
Orientation 

Conditions o- m- * p- 
t-Butyl hypochlorite in acetic acid  ...............scscescseees 44-9 « it 54-0 
t-Butyl hypochlorite in acetic acid—sulphuric acid ......... 44-1 1-4 54:5 
Chlorinium ion in carbon tetrachloride—water ............... 39-7 1-6 58-7 


* See Experimental. 


The reactions carried out in the absence of acid give the same ortho : para-ratios as 
those obtained with molecular chlorine, our value for which is recorded in Table 1 and 
which agrees with the value reported previously. In these conditions, t-butyl hypo- 
chlorite therefore has the same selectivity as molecular chlorine. Thus, either the 
reagents responsible for chlorination are the same, or they are different but by chance 
have the same selectivity.’ The second alternative is an unlikely coincidence, for 
molecular chlorine, which is a far more powerful chlorinating agent than hypochlorous 
acid,!® should similarly be a more powerful, and therefore less selective, reagent than 
t-butyl hypochlorite, since the reactivity of a carrier (CI-X) of electrophilic chlorine 
decreases as the electron-withdrawing power of X decreases.!® t-Butyl hypochlorite 

15 Pausacker and Scroggie, Austral. ]. Chem., 1959, 12, 430, 748. 

16 Ref. 14, p. 120. 

7 Brown and Smoot, J. Amer. Chem. Soc., 1956, 78, 6255; Nelson, J. Org. Chem., 1956, 21, 145. 
8 Soper and Smith, /J., 1926, 1582. 


® de la Mare and Ridd, ‘‘ Aromatic Substitution,” Butterworths Scientific Publications, London, 
1959, p. 128. 
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decomposes if kept at room temperature, its infrared spectrum developing a band at 
3350 cm. characteristic of the hydroxyl group; and, whereas the hypochlorite, when 
freshly distilled, gives no precipitate with aqueous silver nitrate, it does so after a day at 
room temperature. These facts are consistent with the slow decomposition of the hypo- 
chlorite to chlorine, and we conclude that it is this which is the chlorinating species in 
non-acidic conditions. 

The species involved in chlorination by t-butyl hypochlorite in acid solution is almost 
certainly the chlorinium ion. The evidence for this is strong: (i) the ortho: para-ratio 
is the same as that obtained when chlorinium ion is the reagent; (ii) the smaller selectivity 
is indicative of a more reactive chlorinating agent; (iii) the kinetics of the reaction of 
t-butyl hypochlorite with mineral acid are consistent with the formation of chlorinium 
ion; 7° 

H! S/H 
ButO-Cl == BulOL =9—— Bu'OH +- Cl 
Cl 
(iv) chlorination in acid solution occurs rapidly, as is consistent with the expected rapid 
production of the Cl* ion by the above mechanism. 

Toluene.—We found that toluene reacts only to a small extent with t-butyl hypo- 
chlorite on its own, forming benzyl chloride. In the presence of 2,2’-azoisobutyronitrile, 
larger quantities of benzyl chloride are formed in a similar time. These observations are 
diagnostic of atomic chlorination, and, together with the evidence above that molecular 
chlorine is formed slowly by the decomposition of t-butyl hypochlorite in neutral solution, 
are consistent with this decomposition’s occurring via chlorine atoms. With toluene, 
chlorine atoms bring about side-chain chlorination, and with anisole dimerisation of chlorine 
atoms to molecular chlorine is followed by electrophilic chlorination of this very reactive 
nucleus. In the presence of acid, toluene and t-butyl hypochorite form no benzyl chloride 
but give a mixture of chlorotoluenes which could not be resolved by gas chromatography. 

Chlorobenzene.—Chlorobenzene does not react with t-butyl hypochlorite in the absence 
of acid, or with molecular chlorine. In acid solution a mixture of the three dichloro- 
benzenes was obtained in very nearly the same proportions as were produced by the 
chlorinium ion (Table 2). We were unable to confirm the report * that chlorobenzene 


TABLE 3. Chlorination of phenol. 


Orientation (%) * 


Conditions o- p- 
t-Butyl hypochlorite in carbon tetrachloride  .............:eseeeeeeee 51-0 49-0 
t-Butyl hypochlorite with sulphuric acid .............cccssceeeeeeeeees 50-8 49-2 
ne ee EE III - Sodas odncnasecaseuedicnwaassesudverountecnente 74-0 26-0 
ae I oxcitncadusgitiiajoatiocetsuimieteeneiadiacaceraecaiiened 39-5 60-5 
NY SIE TE WED i casicnadencnatevenndacesusepmenengsineeeseuvasnses 51-4 48-6 


* No m-chlorophenol-was obtained. 


forms the o-dichloro-compound in 80% yield in these conditions. The small difference 
between chlorination by the chlorinium ion and by hypochlorite may arise from the 
difference in the solvents used, for the solvent can, have a marked effect on the ortho : para- 
ratios in aromatic substitutions.24 To see if atomic chlorination by the hypochlorite 
might be responsible for the difference, chlorobenzene and the hypochlorite were treated 
with 2,2’-azoisobutyronitrile in the absence of acid, but no chlorination occurred. It 
seems likely, therefore, that the difference is not significant and that it is again the 
chlorinium ion which is responsible for chlorination in acid conditions. 

Phenol.—The orientations of monochlorophenols obtained by chlorinating phenol 
under various conditions are set out in Table 3. Our results for the chlorination of phenol 
with t-butyl hypochlorite disagree with those reported previously,? but resemble closely 


20 Anbar and Dostrovsky, J., 1954, 1094. 
21 Stock and Himoe, Tetrahedron Letters, 1960, 18, 9. 
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those obtained with the chlorinium ion. The ortho : para-ratio is the same whether t-butyl 
hypochlorite is used with or without mineral acid. We conclude that phenol is itself 
acidic enough to generate the chlorinium ion with t-butyl hypochlorite, and that this, 
rather than the more slowly generated and less reactive molecular chlorine, is the attacking 
species. 

We found that molecular chlorine reacts with phenol in carbon tetrachloride solution 
to give a surprisingly high ortho : para-ratio in the monochlorophenols. It has recently 
been reported ** that molten phenol and chlorine form o- and #-chloro-derivatives in a 
ratio of 1: 1-7. We confirmed this large difference in the ortho : para-ratios under these 
two conditions, and suggest the following explanation for it: in carbon tetrachloride 
solution the phenolic hydrogen forms a hydrogen bond with the chlorine molecule, 
resulting in polarisation of this molecule, its positively-polarised end being suitably placed 
for reaction at the ortho-position [see (I)]. Reaction then takes place by the electron 
shifts depicted in (II). In molten phenol, the phenolic hydrogen forms a hydrogen bond 
with the oxygen atom of an adjacent molecule and is not able to assist chlorination at 
the ortho-position. 

The Phenoxide Ion.—t-Butyl hypochlorite and hypochlorous acid give very nearly 
the same ratio of o- and #-chloro-derivatives in their reactions with sodium phenoxide in 
alkaline solution (Table 4). Since it is known that t-butyl hypochlorite is hydrolysed by 
alkali to hypochlorous acid,”° it is probably the latter which is the chlorinating species in 
each case. 

The high ortho : pava-ratio may be due to one of three causes: (i) The phenoxide ion 
is highly reactive to electrophiles at its ortho- and para-positions, and, according to the 


TABLE 4. Chlorination of the phenoxide ion. 


Orientation (%) * 


~— 


Conditions o- p- 

t-Butyl hypochlorite im 46-NaOEE .....0.ccccccccssescscscscsccccessccecs 78-9 21-1 
PR SGICROUE WERE TR WORE vce siencesssncscsessecccevscsonvesvesvecceses 80-7 19-3 
t-Butyl hypochlorite in 15N-NaOH f.............ccecesssseeseesseeeeess 81-3 18-7 
INI O edvetidsnsatiicssitvaisbieawisaneses 78-9 21-1 
NTN vcs cccncccscceisscesvesescces 63-0 37-0 


* No m-chlorophenol was obtained. + These reactions were carried out at 50°, the remainder 
at 25°. 


principle enunciated by Hammond,” the transition state in the rate-determinating step 
should resemble the ground state. The relative reactivities of the ortho- and para-positions 
should therefore depend on the relative electron densities at these positions in the ground 
state.4 It is reasonable to suppose that the inductive effect of the negatively charged 
oxygen atom in the ion operates more powerfully on the ortho- than on the para-position, 
giving rise to the observed relative reactivities. (ii) Reaction in the ortho-position may 
be aided by hydrogen-bonding between the phenoxide ion and hypochlorous acid, as in 
the chlorination of phenol [see (III)]. This is consistent with the kinetic equation for 
the reaction of phenol with hypochlorous acid in alkaline solution: v = k{[PhO-][HOC]].18 
(iii) The same effect could be brought about by co-ordination of the oxygen atom of hypo- 
chlorous acid to the cation of the metal phenoxide ion-pair [see (IV)}} The last mechanism 
is analogous to the explanations offered for the high ortho : para-ratios in reactions of the 
phenoxide ion with chloroform and alkali 25 and formaldehyde. 

It is difficult to distinguish between these three mechanisms, although process (iii) is 
supported by the fact that triethylmethylammonium phenoxide, in which co-ordination 


Bing, Kennard, and Matthews, Austral. J. Chem., 1960, 18, 317. 
Hammond, J. Amer. Chem. Soc., 1955, 77, 334. 

Knowles, Norman, and Radda, J., 1960, 4885. 

Brady and Jakobovits, J., 1950, 767. 

Peer, Rec. Trav. chim., 1959, '78, 851; 1960, 79, 825. 
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of oxygen to the cation cannot occur, gives a lower ortho : para-ratio on chlorination with 
hypochlorous acid. Moreover, whereas process (iii), involving electron-removal from 
hypochlorous acid, should give rise to a chlorinating species of enhanced electrophilic 
power, process (ii) should involve polarisation of the hypochlorous acid so that the chlorine 
atom becomes less electrophilic. 

s* 

F ~*~ 


J te . 


6 * oO O° 6! 


(III) (IV) 


™"\ ya 


From the results described above it is evident that t-butyl hypochlorite, contrary to 
previous reports, does not give rise to unusually high ortho : para-ratios in its reactions 
with anisole, phenol, and chlorobenzene. Its reactions are satisfactorily interpreted by 
supposing that, in the absence of acids, it decomposes slowly to molecular chlorine, and in 
the presence of acids it rapidly generates chlorinium ions. The ease of preparation of 
t-butyl hypochlorite,”’ and its ability to give chlorinating species of different selectivity, 
and the fact that it can be stored without noticeable decomposition at —40°, suggest its 
usefulness as a synthetic reagent. 

The decomposition of t-butyl hypochlorite to molecular chlorine almost certainly 
involves the formation of atomic chlorine. This decomposition has been investigated at 
high temperatures, where the products are consistent with an initial cleavage of the 
molecule to t-butoxy-radicals and chlorine atoms." At the temperature of our reactions, 
a slow cleavage of the weak O-Cl bond is likely and is supported by the following observ- 
ations: (a) The infrared spectrum of t-butyl hypochlorite slowly develops an absorption 
band at 3350 cm.* characteristic of an alcohol and at the same frequency as the hydroxyl 
band in t-butyl aicohol, which could be due to t-butyl alcohol formed from the t-butoxy- 
radical. (b) The side-chain chlorination of toluene by the hypochlorite is catalysed by 
2,2’-azoisobutyronitrile, which also catalyses other chlorinations involving chlorine atoms. 
(c) In the absence of acid, o- and p-methoxybenzaldehyde are oxidised by t-butyl hypo- 
chlorite to the corresponding acids.2® This may take place by initial abstraction of 
aldehydic hydrogen by a radical formed by decomposition of the hypochlorite, corre- 
sponding to the well-established mechanism of autoxidation of aromatic aldehydes. 

Other published observations of the behaviour of t-butyl hypochlorite may be inter- 
preted in the light of our results. Thus benzene is chlorinated by the reagent in acetic 
acid solution but not in the absence of acid,®® just as it is chlorinated by chlorinium ion 
but not by molecular chlorine. Acetanilide is chlorinated in the presence or absence of 
acid,*" since it is reactive enough to be attacked by molecular chlorine. Finally, the 
observation that the nuclear chlorination of nitroanilines with t-butyl hypochlorite shows 
the characteristics of a free-radical reaction is now understood, since the formation of 
the electrophilic chlorinating agent, molecular chlorine, itself depends on the generation 
of chlorine atoms from the hypochlorite. 


EXPERIMENTAL 
Materials.—t-Butyl hypochlorite *? was stored at — 40° and distilled (b. p. 78°) immediately 
before use. Toluene and phenol were ‘‘ AnalaR”’ reagents, and anisole and chlorobenzene 
were purified by distillation. 


2? Teeter and Bell, Org. Synth., Vol. 32, p. 20. 

28 Yoffe, Chem. and Ind., 1954, 963. 

2° Ginsburg, ]. Amer. Chem. Soc., 1951, 78, 702. 

%° Clark, Ph.D. Thesis, Massachusetts Institute of Technology, 1931; quoted in ref. 3. 
31 Israelstam, J. S. African Chem. Inst., 1956, 9, 30. 
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m-Chloroanisole was prepared by methylation of m-chlorophenol with dimethyl sulphate. 
Gas chromatography indicated the presence of the para-isomer in o-dichlorobenzene, and this 
could not be removed by fractional distillation. Pure o-dichlorobenzene was obtained by the 
Sandmeyer reaction on o-chloraniline. The remaining chloro-derivatives of anisole, chloro- 
benzene, and toluene were commercial reagents. Their purities were checked by gas 
chromatography. 

Chlorinations.—(a) t-Butyl hypochlorite. The procedure used is illustrated by the chlorin- 
ation of anisole. Anisole (1-1 ml.) in a solvent (S) (3 ml.) was treated with t-butyl hypochlorite 
(1 ml.) in S (2 ml.). When the solvent was carbon tetrachloride, dioxan, acetonitrile, or t-butyl 
alcohol, the solution was kept for 2 days before being analysed. When it was acetic acid or 
acetic acid (3 ml.) containing 2N-sulphuric acid (1 ml.), the solution was neutralized after 15 
min., extracted with ether, and analysed. 

Chlorobenzene and toluene were treated similarly, and an additional experiment was carried 
out on each compound in carbon tetrachloride solution to which 2,2’-azoisobutyronitrile 
(1 mole %) was added. 

Phenol was chlorinated similarly in carbon tetrachloride solution. In addition, phenol 
(0-75 g.) in 3 ml. of alkali (see Table 4) was treated with t-butyl hypochloride (0-5 ml.). The 
reactions were very vigorous, and after 10 min. the mixtures were neutralised with sulphuric 
acid and organic material was extracted into ether. 

(b) Chlorine. Anisole (0-5 ml.) in carbon tetrachloride (4 ml.) was treated with carbon 
tetrachloride (2 ml.) saturated with chlorine. (This solution contained enough chlorine to 
react with approximately one-third of the anisole.**) After 30 min. the solution was washed 
with water to remove hydrogen chloride and then analysed. A similar procedure was used to 
chlorinate phenol in solution in carbon tetrachloride. 

Phenol was also chlorinated by passing chlorine (30 ml./min.) into molten phenol (10 g.) 
at 60° for 15 min. 

(c) The chlorinium ion. (i) 3* Chlorobenzene (1-1 ml.) was treated with silver perchlorate 
(1-5 g.), concentrated perchloric acid (10 ml.), and water (1-5 ml.). To the suspension was 
added carbon tetrachloride (4 ml.) saturated with chlorine. After 1 hr. silver chloride was 
removed by filtration, and the organic material was extracted into ether. 

This method was unsuitable for anisole because, after removal of silver chloride, further 
chlorination occurred, presumably by molecular chlorine remaining in the carbon tetrachloride 
solution. 

(ii) 8 ~Anisole (0-5 ml.) was added to a solution of hypochlorous acid #8 (50 ml.) containing 
silver perchlorate (2 g.) and perchloric acid (1-5 ml.). After 30 min. the solution was filtered and 
extracted with ether, and the ethereal solution treated immediately with sodium metabisulphite 
to prevent further chlorination. Phenol was treated similarly. 

(d) Hypochlorous acid. Phenol (1 g.) and sodium hydroxide pellets (2 g.) were dissolved in 
water (10 ml.), and hypochlorous acid (75 ml.), prepared by the method of Soper and Smith 18 
and purified by being shaken with mercuric oxide, was added. The solution was filtered from 
mercuric oxide, neutralised with dilute sulphuric acid, and extracted with ether. 


TABLE 5. Retention times of chloro-derivatives. 


Retention times 


o-Chloro m-Chloro p-Chloro Column 
Compounds (min.) (min.) (min.) temp. 
NN ee ek ce aries 48 34 39 130° 
BORD Sac cvecanacnccppscrnctcotcacasine 51 35 40 100 
Cinbowimated Gabmemes © o.ccicknccccsccovsecccececs 150 


# 2,4-Dichloroanisole had retention time 60 min. ° The three chlorotoluenes were not resolved, 
but had a retention time (4 min.) which was different from those of benzyl chloride (10 min.) and 
benzylidene chloride (26 min.). 


Gas-chromatographic Analysis.—The column (203 cm. x 4-5 mm.) was packed with tritolyl 
phosphate (20% w/w) coated on Embacel and was operated at temperatures between 100° 
and 150° (see Table 5). Hydrogen (40 ml./min.) was used as the carrier gas, and detection was 


32 Gorvin, Chem. and Ind., 1951, 910. 
33 de la Mare, Ketley, and Vernon, J., 1954, 1290. 
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by the flame-ionisation method. The detector was coupled to a Sunvic recorder which gave a 
linear response. Proportions ,of isomers in each reaction mixture were obtained from the 
Gaussian curves by the method reported previously,™ injection of synthetic mixtures of isomeric 
chloro-compounds showing that areas were proportional to quantities. 

Mixtures of chlorophenols could not be analysed directly. Instead, they were treated 
with diazomethane (prepared from Diazald) and the resulting mixtures of chloroanisoles were 


TABLE 6. Chlorination of anisole in acetic acid—sulphuric acid. 


Orientation (%) 


Experiment Analysis o-Chloro p-Chloro 
1 1 35-6 64-4 
2 35-4 64-6 
9 1 36-0 64-0 
2 35-2 64:8 
Mean 35-5 64-5 


analysed. The methylation procedure was shown to be quantitative by analysing synthetic 
mixtures of chlorophenols in the same way. 

No peak with retention time corresponding to 2,4-dichloroanisole occurred in the chromato- 
grams from any of the mixtures obtained by chlorinating anisole or phenol. This confirmed 
that there was no preferential loss of the o- or p-chloro-derivative by further chlorination. 

Each analytical result in Tables 1—4 is the mean of two analyses of each of two products. 
Analytical accuracy is greater for mixtures of dichlorobenzenes, where complete resolution of 
the ortho- and para-isomers occurred, than for chloroanisoles, where the peaks formed by the 
isomers overlapped slightly. The figure recorded for the proportion of m-dichlorobenzene in 
each reaction can only be taken as indicative of an upper limit of 2% for the proportion of this 
isomer. Typical experimental results are shown in Table 6. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, January 24th, 1961.} 





704. The ortho: para-Ratio in Aromatic Substitution. Part IIT 
A General Discussion 


By R. O. C. NorMAN and G. K. RAppa. 


Isomer distributions are reported for the chlorination, by chlorinium ion, 
of six monosubstituted benzenes. The ortho: para-ratios are similar to those 
obtained in nitration. There is no evidence that specific ortho-interactions 
play a part in these reactions, either to facilitate or retard reaction, but the 
observed trend in ortho: para-ratios is accounted for in terms of electronic 
factors. When the reactants are of high reactivity, the ortho : para-ratio is 
determined by the relative electron densities at these positions in the ground 
state, but when they are of low reactivity the ratio is determined by the 
effect of the substituent on the distribution of charge in the Wheland inter- 
mediate, for which there is independent evidence that the amount of charge 
on the nuclear carbon atoms decreases in the order p > 0 > m. 


Tue factors which govern the relative extents of substitution in the ortho- and the para- 
position of a monosubstituted benzenoid compound are not well understood. In some 
cases there is evidence of steric hindrance to ortho-substitution (e.g., in the nitration of 
t-butylbenzene,? and in the acetylation of toluene %), and in others there is evidence that 
interaction between substituent and reagent facilitates ortho-substitution (e.g., in the 
reaction of metal phenoxide ion pairs with formaldehyde,‘ in an alkylation of phenol,’ and 


1 Part II, Harvey and Norman, preceding paper. 

2 Nelson and Brown, J. Amer. Chem. Soc., 1951, 73, 5605. 

% Brown and Young, /. Org. Chem., 1957, 22, 719. 

4 Peer, Rec. Trav. chim., 1959, 78, 851; 1960, 79, 825. 

° Hart, Spliethoff, and Eleuterio, J]. Amer. Chem. Soc., 1954, 76, 4547. 
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in the nitration of methyl phenethyl ether® and benzyltrimethylsilane*). There are 
other cases in which the ortho : para-ratio is greater than the statistical value of 2:1 but 
for which the evidence for a facilitating ortho-interaction is less strong. For example, it 
has been proposed that the high ortho : para-ratio obtained in the nitration of nitrobenzene 8 
results from the stabilisation of the transition state for ortho-substitution by a dipolar 
interaction between the substituent and the attacking reagent (NO,*).® This explan- 
ation, however, is not consistent with the high ortho : para-ratio obtained in the nitration 
of benzonitrile, for here the corresponding interaction is spatially unsuitable for bonding of 
the reagent to the ortho-position.! 

So far, most reports of high ortho: para-ratios (i.e., values greater than 2) have 
concerned nitration. We have examined the isomer distributions obtained in the chlorin- 
ation of a number of monosubstituted benzenes with the chlorinium ion, Cl*. This reagent 
was chosen because, while it is of similar reactivity to the nitronium ion," it is of different 
geometry. By comparison of the ortho : para-ratios obtained in these two reactions, we 
hoped to determine the importance of specific interactions between substituent and reagent, 
and whether the electronic theory of aromatic substitution could account for the results 
observed. 


RESULTS AND DISCUSSION 
Isomer distributions from the chlorinations studied in the present work, together with 
those obtained previously (which are italicised), are set out in Table 1, and are compared 
there with results for nitration of the same compounds. 
Isomer distributions for the nitration of nitrobenzene and benzaldehyde were not 
obtained by modern analytical techniques and are probably not as accurate as the 
remainder. With this limitation, the ortho : para-ratios obtained with Cl* and with NO,* 


TABLE 1. Jsomer distributions for the chlorination and nitration of 
monosubstituted benzenes. 


Chlorination (Cl+) (%) Nitration (NO,*) (%) 
Subst. o mt p to: p o m p fo:p_ Ref. 

PUR Dhbsenovesncenasedene 17-6 80-9 1-5 5-9 6-4 93-2 0-3 11-0 8 
° erence rer 23-2 73-9 2-9 4:0 17-1 80-7 2-0 4:3 a 
REED  Sandaievicentsbake 30-7 63-5 5:8 2-6 (19) 72 (9) 1-0 b 
DE sohenedicenebenabars 15-7 80-2 4-1 1-9 

a ae eat 39-7 3-4 56-9 0-35 36-5 1-2 62-4 0-3 c 
RAE ae ee 36-4 1-3 62-3 0-29 29-6 0-9 69-5 0-21 c 
i - siaccnatbaneamntinandiaasens 8-7 OY 91-3 0:05 11 
ME. | -péeatihenachueauevens 74:7 2-2 23-14 1-6 58-4 4-4 37-2 0-78 e 
RE. ‘ientindauiennanes 34-9 0 65-1} 0-27 44-0 2-04 54-0 0-41 Ff 


* Later work indicates a value of less than 0-1%.9 

Refs.: a, Wibaut and van Strik, Rec. Trav. chim., 1958,'77, 317. 6, de la Mare and Ridd, ‘‘ Arom- 
atic Substitution,’’ Butterworths Scientific Publications, London, 1959, p. 83. c, Roberts, Sanford, 
Sixma, Cerfontain, and Zagt, J. Amer. Chem. Soc., 1954, 76, 4525. d, de la Mare, Harvey, Hassan, 
and Varma, J., 1958, 2756. e, Ingold, Lapworth, Rothstein, and Ward, J., 1931, 1959. f, Griffiths, 
Walkey, and Watson, /., 1934, 631. g, Bunton, Minkoff, and Reed, /J., 1947, 1416. 


show marked similarities, the former being rather less selective than the latter. Thus, 
0 : p-values decrease gradually in each reaction from nitrobenzene, to chlorobenzene (the 
substituents are arranged in order of increasing nuclear reactivity; see below), and 
substituents of —J, —M character ™ give rise to ortho: para-ratios greater than 2 with 


6 Norman and Radda, Proc. Chem. Soc., 1960, 423. 

7 Chernishev, Dolgaya, and Petrov, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1960, 1424. 

8 Holleman, Chem. Rev., 1925, 1, 187. 

® Hammond and Hawthorne in “ Steric Effects in Organic Chemistry,’”’ ed. M. S. Newman, John 
Wiley and Sons, Inc., New York, 1956, p. 180. 

10 Hammond and Douglas, /. Amer. Chem. Soc., 1959, 81, 1184. 

1 Knowles, Norman, and Radda, /., 1960, 4885. 

1 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,”’ G. Bell and Sons, London, 1953. 
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both reagents. It seems unlikely, therefore, that specific stereochemical interactions 
govern these ortho: para-ratios, for in that case differential effects would have been 
expected to manifest themselves. This conclusion was reached by de la Mare and Ridd,™ 
who point out that the similar trends in 40: p-ratios and 4m: p-ratios in nitration can 
hardly be coincidental and that the same factors probably determine both ratios. An 
explanation of the $0: p-ratios in terms of the electronic factors which are known to 
govern 4m : p-ratios was therefore sought. 

Strong evidence has accumulated that the principle enunciated by Hammond with 
reference to the structure of the transition state ™ is applicable to aromatic substitution: 1 
namely, that the transition state resembles the reactants when these are of high reactivity, 
and the Wheland intermediate when they are of low reactivity. The implications of each 
of these assumptions will be examined separately. 

Reactants of Low Reactivity.—As an approximation, the transition state may be taken to 
have the same structure as the Wheland intermediate, 7.e., to be a resonance hybrid of the 
canonical structures (I), (II), and (III). The simplest picture of the distribution of charge 
in the hybrid ion is one in which this charge is equally shared between three carbon atoms 
(IV), as predicted by the simple Hiickel treatment.“ Recently, evidence has been 
adduced that these carbon atoms do not share the charge equally. From nuclear magnetic 
resonance measurements of the proton shifts in the pentamethylcyclohexadienyl cation 
(V) it has been found that the positive charge in the cyclohexadieny] cation is rather more 
heavily concentrated in the para- than in the ortho-position, the distribution being indicated 
in (VI).% The calculated positive charge densities for this ion, obtained by a perturbation 
method allowing for electron interaction,” and shown in (VII), show the same order of 
charge densities (f > 0 > m) as the nuclear magnetic resonance experiments, although 
the absolute values differ slightly. Similarly, nuclear magnetic resonance measurements 
of the chemical shifts of the ring protons show the same order of positive-charge densities 
in the Ph,C* ion.!® 

The higher concentration of charge in the para- than in the ortho-position is equivalent 
to a greater importance of structure (III) as a contributor to the hybrid (IV) than of (I) 
and (II). This can be understood by the principles of electron correlation,” in that the 
four x-electrons in the residual aromatic system in the o-complex (IV) tend to be distributed 
in pairs, the pairs lying as far from each other as possible, 7.e., on opposite sides of the 
nucleus. That is, (III) is the most probable electronic configuration. This is a rationalis- 
ation of the view that conjugative interaction is more effective at the fara- than at the 
ortho-position.'8 

It follows that any substituent group will exert a more powerful effect on the stability 
of the hybrid ion (IV) when it is para to the entering reagent than when it is ortho, and a 
more powerful effect when it is ortho than when it is meta. For example, the electron- 
attracting NO, group will destabilise the ion (IV) increasingly in the order m < 0 < #, 
while the electron-releasing methyl group will stabilise it increasingly in the same order. 
Thus, when the transition state resembles the intermediate, electron-attracting sub- 
stituents will give rise to the orientation m > o > #, and electron-releasing substituents 
to the reverse order. By the Hammond postulate, this should be valid for the reactions 
of unreactive aromatic compounds such as nitrobenzene with fairly reactive reagents such 
as the Cl* and NO,* ions, and of fairly reactive aromatic compounds with very unreactive 
reagents such as molecular chlorine. These predictions are consistent with experiment 
(see Tables 1 and 2). 

For benzenoid compounds where the substituent is of —J, —M type, not only are the 

13 Ref. b of Table 1, p. 82. 

14 Hammond, J. Amer. Chem. Soc., 1955, 77, 334. 

15 Mackor, paper given at the Ampére conference in Pisa, 1960 (personally communicated). 

16 O’Reilly and Leftin, J. Phys. Chem., 1960, 64, 1555. 


17 Dickens and Linnett, Quart. Rev., 1957, 11, 291. 
18 Waters, J., 1948, 727; dela Mare, J., 1949, 2871. 
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high ortho : para-ratios rationalised by the above argument, but so is the variation in 
so: p-ratios apparent from Table 1 for chlorination and nitration (Ph‘NO, > Ph:CN > 
Ph-CHO > Ph:CF;). The nuclear reactivity of these molecules, though not quantit- 
atively studied, should lie in the order ™ Ph-NO, < Ph-CN < Ph-CHO ~ Ph:CF,, since 
the electron-attracting capacities of the substituents (measured by their o-values *) 
decrease in this order. As the reactivity of the molecule decreases, the transition state 


4H ©€ MEW H H H H H H H 
Me Me 0-16 0-095 
+ aaa M 0-25 0-279 
MT 
" m) (111) (IV) * (v) (VI) (VID) 


should resemble the Wheland intermediate more closely, so that the proportion of the 
ultimate positive charge which the aromatic system accommodates in the transition 
state should increase in the order Ph*CF, ~ Ph-CHO < Ph°CN < Ph:NO,. Hence the 
differential effect which operates to retard para- more than ortho-substitution should 
increase in this order and the 40: p-ratio should be greatest for Ph*NO, and least for 
Ph-CF, and Ph-CHO. 

Reactants of High Reactivity —The transition state in these reactions should involve 
only minor deformation of the aromatic system, so that the relative reactivities of ortho- 
and para-positions should be determined by the relative electron densities at these positions 
in the ground state.1!_ o-Values (or, more strictly, o,-values 2°), which are a measure of 
these electron densities, are not known for ortho-positions, but (restricting discussion for 
the present to toluene) there is evidence that the ortho-position is more negatively polarised 
than the para-position. First, the inductive effect of a substituent operates more power- 
fully on the meta- than on the fara-position, as shown, for example, by the o-values of the 
m- and p-NMe,* groups (0-88 and 0-82 respectively 1%), and it is a reasonable extension of 
this result that it operates more powerfully on the ortho- than on the fara-position. 
Secondly, there is evidence that the resonance polar effect of a substituent conjugated to 
the aromatic nucleus is small when conjugation is “ sacrificial: ’’ 4 the resonance polar 
effect is only about 10% of the total polar effect of the #-NO, group.22 The same should 
be true of the f-Me group, for which, in any case, there is little evidence that mesomeric 
release is significant in the ground state. It is therefore reasonable to conclude that the 
methyl group induces a higher electron density at the ortho- than at the para-position, 
so that the ortho-position should be more reactive towards reagents of high reactivity 
when, by the Hammond postulate, the transition state involves little deformation of the 
aromatic system. This is true of the reactions of toluene with the very reactive reagents 
(primarily ‘onium ions) involved in chlorination by chlorinium bion,romination by bromin- 
ium ion, detritiation, and bromodesilylation (see Table 2).t On the other hand, with 
less reactive reagents such as molecular chlorine and bromine, and deuterium bromide, 
toluene gives rise to }o : p-ratios less than unity. 

The reactions of toluene are conveniently represented graphically. Reactions of 


* The o-value of p-CHO is not known accurately. It should be somewhat larger than that of 
p-COMe (0-50) and therefore about the same as that of p-CF, (0-54). 

+ The large proportion (80%) of o-nitro-derivative obtained by nitration of Ph-CH,*SiMe, was 
interpreted by Eaborn and Parker ®> in this way, since the —CH,*SiMe, group is strongly electron- 
releasing (o, = —0-26). 
® McDaniel and Brown, J. Org. Chem., 1958, 23, 420. 

° Norman, Radda, Brimacombe, Ralph, and Smith, J., 1961, in the press. 

1 Dewar and Schmeising, Tetrahedron, 1959, 5, 166. 

2 Wepster, Rec. Trav. chim., 1956, 75, 1473. 

3 Conference on ‘“‘ Hyperconjugation,” Tetrahedron, 1959, 5, 105—274; Ferreira, Nature, 1950, 188, 
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toluene were chosen for the plot in the Figure for which steric hindrance to ortho- 
substitution seemed likely to be small. Thus, data for Friedel-Crafts reactions and for 
mercuration were omitted since there is evidence that these reactions are subject to steric 
hindrance.*:4 The reactions selected, and the data appropriate to them, are set out in 
Table 2. 


TABLE 2. Partial rate factors for ortho- and para-substitulion in toluene. 


Reaction logio fo logio fp Reaction logio fo logy Sf, 
Protodesilylation (Ph:-SO,°OH)* _ -1-20 1-16 Chlorination (Cl*)J ............... 2-13 1-91 
Protodesilylation (HCIO,) ® ...... 1-25 1-32 Deuteration (68% H,SO,)% ... 1-92 1-92 
BIEN © sacisnictesesnscxcvanves 1-67 1-61 Deuteration (CF,°CO,H)" ...... 2-42 2-54 
Bromodesilylation @ ............... 1-91 1-69 Chlorination (Cl,)‘ ............... 2-79 2-91 
Bromination (Brt) ¢ ..............- 1-88 1-77 Bromination (Br,)/ ............... 2-78 3°38 
PRE TT pink tectanindcesneneunnins 1-70 1-78 Deuteration (DBr) * ............... 3-00 3°78 


Refs.: a, Stock and Brown, J. Amer. Chem. Soc., 1959, 81, 3323. 6b, Eaborn, J., 1956, 4858. 
c, Melander, Acta Chem. Scand., 1956, 10, 879. d, Deans, Eaborn, and Webster, /., 1959, 3031. 
e, de la Mare and Harvey, /J., 1956, 36. f, Ref. d of Table 1. g, Gold and Satchell, J., 1956, 2743. 
h, Mackor, Smit, and van der Waals, Trans. Faraday Soc., 1957, 58, 1309. i, Brown and Stock, /. 
Amer. Chem. Soc., 1957, 79, 5175. 7, Brown and Stock, J. Amer. Chem. Soc., 1957, 79, 1421. &, 
Shatenstein, Kalinachenko, and Varshavskij, Zhur. fiz. Khim., 1956, 30, 2098. 


The graph illustrates the trend for values of 40: -ratios greater than unity when 
logy /p is rather small (corresponding to reagents of low selectivity and high reactivity *) 
and values less than unity when log,, fp is large (corresponding to high selectivity and low 
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reactivity **). The curve passes through the origin since a reagent of infinite reactivity 
would be unselective, 7.¢., logy, /. would equal log, fp, and both would be equal to zero. 
Substituents of —1, +-E Type.—Halogen and methoxy] substituents withdraw electrons 
from the aromatic ring by the —J mechanism, but release electrons mesomerically. The 
—I effect should operate most powerfully on the ortho-position, so that this is more 
deactivated to electrophiles than the para-position when the reagent is of high reactivity. 
When the reagent is of lower reactivity, so that the distribution of electrons in the Wheland 
intermediate is of importance in determining the relative reactivities, the full potential of 
the substituent to stabilise the ion by its mesomeric effect is brought into operation." 
Since positive charge is most highly concentrated in the para-position in the intermediate, 
a substituent of +-E character exerts its strongest influence when the reagent adds to this 
position. Thus, when the transition state resembles either reactants or intermediate, 
the 40 : p-ratio should be less than unity, and this is consistent with experiment (Tables 1 


#4 Brown and McGary, J]. Amer. Chem. Soc., 1955, 77, 2300. 
25 Eaborn and Parker, /., 1954, 939. 
26 Nelson, J. Org. Chem., 1956, 21, 145; Lrown and Smoot, /. .limer. Chem. Soc., 1956, 78, 6255. 
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and 3). The —IJ effect of the halogens and their +E effects both decrease in the order 
lf >Cl> Br. Hence, in all reactions, both the differential effects outlined above should 
operate most powerfully in fluorobenzene and least in bromobenzene. This is borne out 
experimentally, whereas if the observed 40: f-ratios resulted from steric hindrance to 
ortho-substitution, they should be least for bromobenzene. 


TABLE 3. The reactions of anisole and the halogenobenzenes : 0 : p-ratios. 


Reaction Ph—OMe Ph-F Ph-Cl Ph-—Br 
Chlorination (Cl,) ® 27 .............2. 0-13 0:35 * 0-40 * 
Beomsnation (Br,) © .......0<200s00% ~0-02 0-06 * 0-06 * 0-08 * 


* Catalysed by metal halides. 


In summary, ortho: para-ratios in reactions in which specific ortho-effects are not 
significant, are satisfactorily accounted for by application of the Hammond postulate. 
When, with reactants of high reactivity, this predicts that the transition state involves 
little deformation of the aromatic system, the ratio is determined by the relative electron 
densities at the ortho- and para-positions in the ground state; whereas when the reactants 
are of lower reactivity, it is determined by the relative stabilities of the appropriate Wheland 
intermediates. These may be predicted by application of the principles of electron 
correlation. 

EXPERIMENTAL 

Materials.—Benzaldehyde, benzonitrile, benzotrifluoride, bromobenzene, chlorobenzene, 
and nitrobenzene and their monochloro-derivatives were commercial materials, except o-bromo- 
chlorobenzene, o-dichlorobenzene, and m-chlorobenzonitrile which were prepared from the 
corresponding chloroanilines by the Sandmeyer reaction. All materials were purified by 
fractional distillation or recrystallisation to constant m. p. from light petroleum of various 
boiling ranges. Benzaldehyde and o-chlorobenzaldehyde were washed with 10% sodium 
carbonate solution before distillation and were distilled in the presence of a small amount of 
catechol. m-Chlorobenzaldehyde was purified by low-temperature recrystallisation from light 
petroleum (b. p. 40—60°). 

Chlorinations.—Chlorinations were carried out at 25°. To a saturated solution of chlorine 
(0-7 g., <0-1 mole) in carbon tetrachloride (B.D.H. ‘‘ AnalaR ’’) was added the aromatic com- 
pound (0-1 mole), 62% perchloric acid (10 ml.), and silver perchlorate (0-05 mole).2® The 
mixture was shaken for a time varying from 30 min. to 8 hr. (depending on the reactivity of the 
compound chlorinated), then water was added to the solution, and the whole was extracted 
four times with carbon tetrachloride. The extracts were shaken with sodium hydrogen sulphite 
(except in the chlorination of benzaldehyde where unchanged chlorine was removed by bubbling 
nitrogen through the solution), and the solvent was removed. 

Dichlorination could not be detected under these conditions, although some occurred in the 
chlorination of chlorobenzene and bromobenzene if the reaction was allowed to proceed for more 
than 30 min. It was also found that the time needed to obtain a sufficient degree of chlorin- 
ation of nitrobenzene, benzonitrile, and benzotrifluoride for analysis of the chloro-products was 
much shorter if a two- or three-fold excess of chlorinating agent was used. Under these 
conditions there was no evidence of dichlorination. 

Analysis.—The reaction mixtures were analysed by gas chromatography and infrared 
spectroscopy. 

Gas-chromatographic analysis. The details of the column conditions and retention times of 
the individual isomers are shown in Table 4. The results, each of which is the mean of at least 
three analyses, are shown, together with the mean deviations, in Table 5. Where the proportion 
of meta- and para-isomers is not shown separately these isomers were not resolved on the 
column. 

Spectroscopic analysis. The monochloro-isomers were separated from the unchanged start- 
ing material by gas chromatography and were collected in a cold trap at —70°, followed by an 

27 Jones and Richardson, J., 1956, 3939. 

- ee - la Mare and Vernon, /., 1951, 1764; LVerguson, Garner, and Mack, J. Amer. Chem. Soc., 1954, 
40, L290. 
*° Ref. b (p. 107) of ‘Table 1. 
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TABLE 4. Gas-chromatographic results. 





Flow Retention 
(ml./min.) time 
Compound Column Temp. of N, (min.) 
-C ) S } er 
o-( hloronitrobenzene bunnnaiens 2,4,7-Trinitrofluorenone (10°).t on e 43 
m-Chloronitrobenzene ...... Sonate: sem * 178 62 34 
p-Chloronitrobenzene ...... —— aa 38 
o-Chlorobenzonitrile ......... 7 el ’ : enc , 55 
m-Chlorobenzonitrile......... Pa See 7%) Sangin: 150 50 40 
p-Chlorobenzonitrile ......... — 36 
o-Bromochlorobenzene ...... Tritolyl phosphate (20%). Length: a 55 
m-Bromochlorobenzene 203 cm ” 115 55 44 
p-Bromochlorobenzene ...... - . 44 
o-Dichlorobenzene ............ as ’ : on . 48 
m-Dichlorobenzene ......... a (30%). Length: 100 55 37 
p-Dichlorobenzene............ its 4 37 
o-C hlorobenzotrifluoride ‘+ Polyethylene glycol (5%) and stearic . 40 
m-Chlorobenzotrifluoride ... acid (2%). Length: 200 cm 60 70 18 
p-Chlorobenzotrifluoride 7 rae ee ‘ 22 
* On firebrick. The other columns had Embacel as inert support. 
+ Norman, Proc. Chem. Soc., 1958, 151. 
TABLE 5. Gas-chromatographic analysis. 
Isomer distribution 
Compound o-Chloro (°%) m-Chloro (%) p-Chloro (%) 

PD, i.0: cut sbkescstnedendsncede 22-6 + 1-4 77-4 + 1-5 

Bromobenzene 38-5 + 1-0 61-5 + 1-0 

Chlorobenzene 36-1 + 0-5 63-9 0-5 

IND 5s cur dxcneanietecunceccuneiaeh 17-6 + 0-3 80-9 +. 0-5 1-5 + 0-4 

ee ccelan Dac eaiidinsnaaule 15-7 + 0-5 80-2 0-5 41+ 0-4 


electrostatic precipitator at 15,000v. The column (200cm. x 4-5 mm.) was packed with Apiezon 
“L”’ grease (20% w/w) coated on Embacel and was operated at temperatures between 130° 
and 150° with nitrogen (62 ml./min.) as carrier gas. Synthetic mixtures were analysed before 
and after collection by infrared spectroscopy. Results confirmed that the collection technique 
was quantitative. 

The spectroscopic analyses were carried out with a Perkin-Elmer Recording infrared spectro- 
photometer (model 21). Investigations in the 10—15 u region for solutions of the pure chloro- 
isomers in carbon disulphide (‘‘ AnalaR ’’) showed that in each of the groups of the three mono- 
chloro-isomers each isomer had a characteristic absorption band (see Table 6). The molecular 


TABLE 6. Infrared analysis. 


Isomer distribution Wave-length 
Compound o-Chloro (%) m-Chloro (%) p-Chloro (%) o- (p) m- (p) p- (pu) 
Benzaldehyde ... 30-7 + 0-6 63-5 1-1 5-8 + 0-3 9-7 11-5 9-9 
Benzonitrile ...... 23-9 + 1-0 73-2 1-0 2-9 + 0-1 13-2 12-7 12-1 
Bromobenzene ... 40-9 + 0-6 3-4 + 0-9 55:7 + 1-5 13-4 12-9 12-3 
Chlorobenzene ... 36:7 0-4 1:3 + 0-5 -62-0 + 0-5 13-4 12-8 12-2 


extinction coefficients were measured from the optical densities of standard solutions. The 
isomer ratios obtained (Table 6) are averages of at least three analyses. The agreement between 
the isomer ratios obtained by the two methods of analysis is within 2%. 

Some oxidation occurred during the chlorination of benzaldehyde. A mixture of chloro- 
benzoic acids (0-2 g.) was isolated from the main product, which contained chlorobenzaldehydes 
(3-1 g.). Infrared spectroscopic analysis of the chlorobenzoic acids gave the following 
approximate ratios: ortho- 20%, meta- 80%, pava- <1%. From these figures, the maximum 
error in the isomer distribution in the chlorination of benzaldehyde is within the accuracy of the 
method of analysis even if all the chlorobenzoic acids were formed by oxidation of chloro- 
benzaldehydes. 


One of us (G. K. R.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Grant. 
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705. Intramolecular Hydrogen Bonding in Methyl 4,6-O-Benzyl- 
idene-D-aldohexosides. 


By H. SPEDDING. 


Measurement of intramolecular hydrogen bonding provides information 
about the conformation of the pyranose ring in several methyl 4,6-O-benzyl- 
idene-D-aldohexosides. The Cl chair conformation is predominant, but its 
exact shape probably varies slightly. Hydrogen bonding in methyl 4,6-O- 
benzylidene-«-p-altroside and its two methyl derivatives is incomplete. 


In methyl 4,6-O-benzylidenealdohexopyranosides (I), a hydroxyl-hydrogen atom can be 
bonded to the oxygen atom of the second hydroxyl group or to an acetal oxygen atom 
(either in a ring or on Cq)) provided that the distance 


Pe involved is not too great. Kuhn! found intramolecular 

Ph*HC CH—O hydrogen bonding in diols only if the calculated distance 
O—CHs ‘CH-OMe between the hydrogen atom of one hydroxyl group and 
Wu the oxygen atom of the other was less than 3-3 A. He 

(1) HO HH OH also showed that intermolecular hydrogen bonding was 


avoided if the diols were examined as <0-005m-solutions 
in dry carbon tetrachloride: infrared absorption near 3630 cm. is then due to free 
secondary hydroxyl groups, and a decrease in frequency indicates hydrogen-bond formation, 
the size of the shift indicating the lerigth of the hydrogen bond.! 


Spectra, in hydroxyl stretching region, of 4,6-O-benzylidene derivatives of (a) methyl a-p-altroside, (b) methyl 
2-O-methyl--D-altroside, and (c) methyl 3-O-methyl-a-p-altroside in CCl, (a, <0-005M; b, c, 
~0-005m). 
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Peaks: a, 3630, 3601, 3556; b, 3596, 3548; c, 3629, 3602 cm.-!. 


If the molecule exists in one conformation only, then the maximum number of hydroxyl 
stretching bands is two: if the frequencies coincide then there is only one band. The 
spectrum of every diol, except one, measured in the present work under Kuhn’s conditions 
showed either one pronounced band or two bands of the same order of intensity (as 
measured by maximum optical density).* The exception was the methyl «-p-altroside 
derivative whose spectrum (see Fig. a) showed three bands of the same order of intensity 
(plus a very weak shoulder at ca. 3610 cm.“). This anomaly is considered separately 
below and is excluded from the main discussion. Since, in general, only the upper limit 


* The spectra of three of these diols showed an additional but very much weaker shoulder. 


1 Kuhn, J. Amer. Chem. Soc., 1952, '74, 2492. 
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of concentration was known, extinction coefficients could not be determined. Band 
frequencies and peak optical densities are shown in the Table. 

Reeves predicted, and it has been confirmed, that most of the common D-sugars exist 
in the Cl conformation (Reeves’s designation).2. Formule (Ila—d) show the Cl and, where 
possible, the 1C conformations for the methyl 4,6-O-benzylidene-pD-aldohexosides principally 
discussed below. Molecular models of the various Cl diols showed only one instance 
where a hydroxyl group would be hydrogen-bonded very weakly or not at all, namely, 
that on Cig) in the methyl -p-idoside derivative (IIa) where the hydroxyl-hydrogen atom 
is ca. 3-2 A from the nearest oxygen (that in the pyranose ring), and there was indeed a 
band at the “ free’ value of 3629 cm. in the spectrum of this compound. All other 
hydroxyl bands in the diols occurred at frequencies at least 14 cm.‘ lower. For the 
methyl «-p-guloside derivative one band was shifted drastically, to 3517 cm."; for the 


+o “© 
re) O ~o ° 
OMe «OMe OMe 
HO HO HO HO 
OMe OMe OMe 
: OMe OMe 
077 OMe 077 ~OMe o-7> OMe 
\ OH \ \ OH 
Oo fe) fe) 
_ OH 
b) (c) 





OH OH OH 
(a (b) (d) 
(IT) 


Methyl 4,6-O-benzylidene-«-D-aldohexosides: (a) idoside, (b) guloside, (c) galactoside, (d) altroside, 
Top row: Cl conformations. 
Bottom row: |C conformations. 
. « « « denotes orientation in the B-anomers. 


methyl «-p-idoside derivative there was only one band and that was also at a very low 
frequency (3533 cm.'). In the Cl conformation both these compounds have a pair of 
cis-axial C-O bonds at Cq) and C,), and the latter compound also has a second such pair 
at Cy, and Cy. In these circumstances very close approach is possible between a hydroxyl 


Band frequencies (cm.) and peak optical densities (in parentheses). 


Compound a-Anomer B-Anomer 
Methyl 4,6-O-benzylidene- 
“DGRROUNBD scnvrccccccassscccccossenes 3609 (0-34), 3578 (0-29) 3614 (0-20), 3603sh (0-18) * 
PS ee 3591 (0-40) ** 3615sh (0-15), 3602 (0-16) + 
SPIO sven sivnssccsensvssnvaccnes 3611 (0-47),.3597 (0-42) —_— 
PINE wnccccsseccscsecsscvesstoceces 3593 (0-69), 3517 (0-74) 3610 (0-57), 3598sh (0-52) 
AGENTS: sissercecesescnesssatesenienes 3533 (0-97) 3629 (0-24), 3564 (0-16) 
ID oicaduccscnssssecs dcniteianions 3630 (0-12), 3601 (0-10), 3600 (0-74) 
3556 (0-08) tf 
-2-O-methyl-p-altroside ............ 3596 (0-64), 3548 (0-85) -— 
-3-O-methyl-p-altroside  ............ 3629 (0-93), 3602 (0-52) § — 


Very weak shoulders at * ca. 3559 cm.!; ** 3617 cm.-! and (doubtful) at ca. 3576 cm.!; + ca. 
3546 cm.-!; t ca. 3610 cm.-!. § Broad, weaker band at ca. 3525 cm.*". 


group (e.g., that on Cy) and an acetal oxygen atom (e.g., that on Cg). (It is only in the 
same few cases that the hydrogen bond leads to a six-membered rather than a five- 
membered ring.) This arrangement causes a considerable decrease in the hydroxyl 
frequency, as shown by comparing the value for the bonded hydroxyl frequency ? in cis- 
cyclohexane-1,3-diol (3544 cm.) with those in the cyclohexane-1,2-diols (cis, 3587; 


a 


* See Ferrier and Overend, Quart. Rev., 1959, 18, 265, and references therein, 
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tvans, 3602). Of all the other diols in the Cl conformation—the methyl «-p-altroside 
still excluded—only the methyl 6-p-idoside derivative has such a pair of axial C-O bonds. 
The lower-frequency band in this compound is at 3564 cm., which is 31 cm. higher 
than for the «-anomer. Since the frequencies of a free 2-hydroxyl group in both anomers 
should be within a few wave-numbers of each other, this difference when the group is 
hydrogen-bonded is interpreted as a small increase in the length of the hydrogen bond 
in the B-anomer. Such an increase in the (Cg*O-)H---O(-Cy) distance could be pro- 
duced by a slight alteration in the shape of the pyranose ring, caused by the change in 
substitution at Cy); in any one conformation the ring is not rigidly fixed.* This flexibility 
of the pyranose ring may similarly account for other differences in the frequencies of 
hydroxyl groups whose hydrogen atoms could lie at equal shortest distances from other 
oxygen atoms were the ring rigid, e.g., the two hydroxyl groups in the «-p-glucoside 
and «-D-galactoside derivative [the orientation of groups on the pyranose ring in the former 
derivative is as shown in (II) for the galactoside, except that the C;—O bond is equatorial 
in the glucoside in the Cl conformation]. Also the 3-hydroxyl group should be able to 
approach the oxygen on C,) equally closely in the methyl a-D-guloside derivative and the 
methyl «-D-idoside derivative, yet there is a difference of 16 cm. in the frequencies of 
the corresponding bands. In this instance another factor can also arise: the 3-hydroxyl 
group in the methyl «-pD-guloside derivative can be hydrogen-bonded at its oxygen atom 
(to the hydrogen of the 2-hydroxyl group) as well as at its hydrogen atom, but this is 
not possible in the methyl «-D-idoside derivative. 

The results obtained are not only consistent with the existence of the pyranose ring 
in the Cl conformation in all the compounds, but also provide evidence against the 1C 
conformation in most of the instances where it has to be considered; throughout, these 
conformations refer to the D-series (4,6-O-benzylidene derivatives of glucosides, mannosides, 
and altrosides could not be formed if the ring were in the 1C conformation). Thus in 
the 1C conformation, the methyl «-p-idoside derivative and the methyl a-p-guloside 
derivative do not have a pair of cis-axial C-O bonds which the spectra indicate to be 
present in them, and the methyl @-p-idoside derivative would not have a free hydroxyl 
group, while the methyl 8-p-galactoside derivative could have a very short hydrogen 
bond (between the 3-hydroxyl and the Cq)-oxygen which would both be axial) that would 
give rise to a hydroxyl absorption band at a much lower frequency than actually found. 


I 
x | ~-¢© OH 
Q oH ‘a 
OMe 2 
HO 2 OH 
HC3 (IT) 1B3 


e@ Planar atoms. 


The conformations of some methyl 4,6-O-benzylidene-D-aldohexosides have been 
studied previously in aqueous systems. The evidence from periodate oxidation * and 
cuprammonium complex formation * shows that the two hydroxyl groups in the methyl 
a-D-idoside derivative cannot be entirely in an axial-axial arrangement, as they would 
be in the Cl conformation. The experimental results would, in fact, be consistent with 
the 1C conformation. Evidence for the conformation of the methyl $-p-idoside derivative 
is not so definite. Thus complex formation with cuprammonium, which should occur 
readily if the pyranose ring were IC, is poor. After reconsidering the evidence from 
complex formation Bentley recently concluded * that the conformation of the B-anomer 
under the experimental conditions employed is somewhere between a half-chair and a 

3 Honeyman and Shaw, J., 1959, 2455. 


4 Reeves, J. Amer. Chem. Soc., 1950, '72, 1499. 
5 Bentley, J. Amer. Chem. Soc., 1960, 82, 2811. 
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skew, forms which he designates HC3 and 1B3 respectively (see III). Examination of 
models shows that the slightest tendency for the Cl conformation to change towards HC3 
considerably increases the (Cy°O-)H---O(-Cy) distance, and the deviation in ring 
shape would have to be very slight to be consistent with the hydroxyl band frequency 
of 3564 cm. found in the present work, if the 2-hydroxyl group were still hydrogen- 
bonded to the oxygen atom on Cy. In the HC3 conformation, however, it could be 
hydrogen-bonded to Oq) instead. In fact the distance (Cy)°O-)H---O,) is slightly 
less than in the Cl conformation, though not as small as the distance (C,)°O-)H - - - O(-Cy) 
when the C,.)—O and C,,—-O bonds are truly axial. It may be small enough to be consistent 
with a band frequency of 3564 cm.1, although this. seems unlikely. The 3-hydroxyl 
group would still be free in the HC3 conformation. If the pyranose ring were in the 1B3 
form, however, both hydroxyl groups could be hydrogen-bonded to the adjacent acetal 
oxygen atoms and there would not be a “ free ’’ hydroxyl absorption band at 3629 cm.*, 
as is the case. For these reasons we conclude that in dilute carbon tetrachloride solution 
the half-chair form HC3 may possibly exist, but not the skew form 1B3. It might be 
expected that the importance of intramolecular forces, such as hydrogen bonding, in 
determining conformation could depend greatly on the external medium, and this must 
be borne in mind when comparing the results of the different measurements on the methyl- 
D-idoside derivatives, and also the methyl «-p-altroside derivative (see below). 

Methyl 4,6-O-benzylidene-«-p-altroside is now to be considered. Periodate oxidation * 
shows that this compound exists in the Cl conformation in aqueous solution, but the 
presence of more than two bands in the spectrum indicates that the compound exists in 
carbon tetrachloride solution as an equilibrium mixture of more than one form [it was 
checked that the extra absorption band(s) was not due to any hydroxyl-containing im- 
purity, and moreover the spectrum of a dilute solution of the compound in carbon disulphide 
also showed three bands]. The spectra of the 2-O-methyl and the 3-O-methyl derivative 
of this compound, measured under the same conditions as for the diols, support this idea, 
for it appears that a similar equilibrium also exists in each of these. Thus each spectrum 
shows more than one band (Fig.). For the 2-O-methyl derivative there are bands at 
3596 and 3548 cm.! and for the other at 3629 and 3602 cm.+. These four bands almost 
coincide in frequency with those in the diol at 3630, 3601, and 3556 cm.1. (There is 
also a third, very broad, band at ca. 3525 cm." in the 3-O-methyl derivative, weaker than 
the other two bands in the spectrum of this compound.) _ If the diol exists in an equilibrium 
involving forms which differ in their pyranose ring conformation, one of these being the 
usual Cl form, the centre band at 3601 cm. would have to be a composite band arising 
from the 2-hydroxyl group in the Cl conformation and the 3-hydroxyl in the other, for 
the arrangement of cis-axial C-O bonds at C,) and Cig) causing the band at 3556 cm.* 
should belong uniquely to the Cl form while the free 2-hydroxyl group (3630 cm.! band) 
should likewise be unique to the other form. It is difficult to find a conformation where 
one of the hydroxyl groups could not possibly be hydrogen-bonded, but two conformations 
that nearly fulfil this condition are the half-chair HCl (Bentley’s nomenclature 5) and 
the strained form with C;5), Oring, Cqy, Ci), and Cy) planar. Irrespective of the position 
of the equilibrium the intensity of the composite band would therefore be greater than 
that of the highest-frequency band (and also greater than that of the lowest-frequency 
band if the integrated absorption intensities were equal), whereas in fact it has the lowest 
intensity of these three bands. 

An alternative explanation is that each hydroxyl group in methyl 4,6-O-benzylidene- 
a-D-altroside and its two methyl] derivatives is to be found in two orientations, but that the 
pyranose ring is always in the Cl conformation. The axial 3-hydroxyl group would, 
for the most part, be hydrogen-bonded strongly to the axial C,,-oxygen (absorption 
~3550 cm.), and to a small extent and more weakly to another oxygen atom, that on 
Cy, causing less intense absorption at ~3600 cm.+. The 2-hydroxy] group would in 
part be hydrogen-bonded to the oxygen atom of the pyranose ring (absorption at ~3600 
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cm.~!), but would be free to a larger extent, causing a more intense band at ~3630 cm.*. 
(The band at ca. 3525 cm.* in the 3-O-methyl derivative is not found in the diol and is 
therefore not considered here.) However, by comparison with the results from the other 
diols where cis-axial C-O bonds are encountered, the 3-hydroxyl would be expected to 
bond completely and not just in part. On the other hand, the suggestion of the largely 
free 2-hydroxyl group is not without precedent, for incomplete hydrogen bonding was 
considered as a possible explanation of absorption associated with free hydroxyl groups 
in the spectrum of 1,5-anhydro-2-deoxy-L-erythropentitol.® 

Whatever the correct explanation, hydrogen bonding in methyl 4,6-O-benzylidene- 
«-D-altroside and its two methyl derivatives is not as complete as would be expected. 


EXPERIMENTAL 


The compounds were supplied as follows: the methyl 4,6-O-benzylidene-p-gulosides by 
Dr. Hewitt G. Fletcher, jun.; trans-cyclohexane-1,2-diol by Dr. F. S. H. Head; methyl 4,6-0- 
benzylidene-2-O-methyl-«-pD-altroside by Dr. J. W. W. Morgan; methyl 4,6-O-benzylidene- 
8-p-idoside and methyl 4,6-O-benzylidene-3-O-methyl-«-p-altroside by Professor T. Reichstein; 
and the others by Dr. C. J. G. Shaw. All samples were analytically pure and were thoroughly 
dry. One further portion of methyl 4,6-O-benzylidene-«-p-altroside was heated in vacuo at 
60° for 2 hr. and another was recrystallised from chloroform-light petroleum; the spectra 
of both were the same as that of the original. 

Carbon tetrachloride was of ‘‘AnalaR”’ or Spectroscopy Grade, stored over phosphoric 
anhydride or, when necessary, distilled from and collected over this reagent. The solutions 
were prepared by shaking the required quantities of solute and solvent together and filtering 
the mixture through dry filter paper into the optical cell. Handling of solvent and solutions 
was done ina dry box. When, as was nearly always so, the solute did not dissolve completely, 
the concentration was not determined exactly. It was, however, always less than 0-005M. 
Methyl 4,6-O-benzylidene-«-D-altroside was particularly insoluble. 

The absence of intermolecular hydrogen bonding was confirmed by making up solutions 
at two different concentrations of two typical compounds, the methyl «-p-glucoside and «-p- 
idoside derivative. The former was examined in ca. 0-002M- and ca. 0-0005m-solution, and the 
latter in ca. 0-0025m- and ca. 0-001m-solution. Dilution did not affect the peak frequencies 
or relative intensities. 

The. cells, 2 or 3 cm. thick, were of fused quartz (infrared quality). They absorbed very 
little in the region of 3650 cm.+. Spectra were measured on a Unicam SP. 100 spectrometer 
equipped with a 3000 lines per inch grating and kept at 30°, and frequencies were checked 
against water vapour and ammonia bands. tvans-Cyclohexane-1,2-diol was measured in 
order to check experimental conditions. Two bands were found, at 3633 and 3600 cm."}, 
and this result agrees well with recorded values.}}®? 


I am particularly grateful to all those mentioned for kindly providing the compounds. 
In addition I am indebted to Drs. A. B. Foster and R. D. Guthrie for helpful discussion, and 
to Miss S. Burgess for measuring the spectra. 


SHIRLEY INSTITUTE, DIDSBURY, MANCHESTER, 20. [Received, February 20th, 1961.] 


® Brimacombe, Foster, Stacey, and Whiffen, Tetrahedron, 1958, 4, 351. 
? Cole and Jefferies, /., 1956, 4391. 
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706. LHthylidene Acetals of Cyclohexane-cis- and -trans-1,2-diol. 
By R. I. T. CRoMARTIE and Y. K. HAmieEp. 


Methods are compared for the preparation of ethylidene acetals of cyclo- 
hexane-1,2-diols. The tvans-acetals are shown to be stable though less 
readily formed than the cis-isomers. The nuclear magnetic resonance 
spectra are investigated. 


Ir has often been assumed that /vans-fusion of a dioxolan ring on to a cyclohexane 
ring is a highly strained, unstable arrangement, because it is not possible to prepare cyclic 
acetals and ketals of cyclohexane-trans-1,2-diols by the normal acid-catalysed reaction 
with aldehydes and ketones. It was pointed cut, however, by Angyal and Macdonald } 
that the distance apart of the oxygen atoms in the chair forms of cyclohexane-cis- and 
-trans-1,2-diol (diequatorial conformation) are the same, and that the difference in the 
ease of acetal and ketal formation is due to the greater number of non-bonded interactions 
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produced when the ring is deformed to bring the oxygen atoms still closer together in 
the ¢rans- than in the cis-case. In 1956 Fenton, Franz, and Salcedo ? described, without 
experimental detail, the preparation of a number of isopropylidene dervatives of cyclic 
cis- and trans-1,2-diols by ketal exchange, benzoyl chloride being used as catalyst; and a 
further case of a cyclic acetal of the ¢vans-diol has since been reported.® 

A series of methods for the preparation of the ethylidene acetal of cyclohexane-cis-1,2- 
diol has now been tried and compared, and their applicability to the preparation of the 
trans-isomer investigated. The best results for both isomers were obtained by acetal 
exchange with acetaldehyde diethyl acetal, with benzoyl chloride as catalyst. The 
benzoyl chloride evidently had some more specific effect than acting as a source of protons, 


1 Angyal and Macdonald, J., 1952, 686. 
* Fenton, Franz, and Salcedo, Abs. 130th Meeting Amer. Chem. Soc., 1956, p. 70. 
® Roberts, Corse, Boschan, Seymour, and Winstein, J]. Amer. Chem. Soc., 1958, 80, 1247. 
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because it was much more effective in the preparation of the ¢vans-acetal than is toluene-/- 
sulphonic acid, which was equally effective in the cis-case. Both isomers were also 
prepared by Hesse’s method,* which consists in treating the diol with diazomethane and 
sulphur dioxide and warming the product with acetaldehyde and an acid catalyst. The 
cis-acetal was also obtained by two other methods, neither of which yielded any trans- 
acetal: treatment of the diol with vinyl acetate in the presence of mercuric acetate and 
mercuric sulphate,® both of which were essential; and, in poor yield, by warming the diol 
with acetaldehyde and phosphoric acid.6 Ethylidene-l-methylcyclohexane-cis- and 
‘rans-1,2-diol were also prepared by the benzoyl chloride method. The ¢rans-acetals were 
formed more slowly than the cis-isomers, but they were stable and distilled unchanged. 
The nuclear magnetic resonance spectrum (Figure) of ethylidenecyclohexane-trans- 
|,2-diol (I) showed the expected features: (a) a 1:3:3:1 quartet near + 4-8 due to the 
lone hydrogen atom of the ethylidene group adjacent to two oxygen atoms; (b) a peak 
attributed to the hydrogen atoms on the bridgehead; (c) a sharp doublet due to the methyl 
group superimposed on a broad band due to the hydrogen atoms attached to the cyclo- 
hexane ring. The other three compounds have more complex spectra, which can be 
analysed into two overlapping quartets in region (a) and two overlapping doublets in 
region (c) with an additional sharp singlet due to the bridgehead-methyl group (when 
present). These pairs of similar features with a small chemical shift between them were 


attributed to the two possible geometrical isomers of these compounds, which have the 
methyl group and hydrogen atom of the ethylidene group transposed. The unequal 
intensities of the pairs of quartets showed that the isomers were present in unequal amounts ; 
and the disparity was particularly marked in a sample of ethylidenecyclohexane-cis-1,2- 
diol (II and III) prepared by the vinyl acetate method, the proportion of the minor com- 
ponent, which had the higher chemical shift for the methyl group and the lower one for 
the adjacent hydrogen atom, being still further reduced. The enhanced stereospecificity 
in this case is probably due to the large size of the mercury atom in the attacking reagent 
AcO-*CH-CH,*Hg-OAc postulated by Hirsch, Hoaglin, and Kubler. This effect would 
be expected to favour the isomer (III), in which the methyl group is less hindered sterically 
by the methylene groups of the cyclohexane ring. The other isomer (II) would be expected 
to have the higher chemical shift for the methyl group and the lower shift for the adjacent 
hydrogen atom, as observed, on account of the diamagnetic anisotropy of the C-C bonds 
of the cyclohexane rings.’ The bands due to the methylene groups in the cyclohexane 
rings were broader in the more rigid ¢tvans-acetals than in the more flexible cis-acetals, in 
which the chemical shift between the axial and the equatorial protons and the consequent 
spin-spin splitting would be minimised by rapid conformational inversion, as was pointed 
out by Musher and Richards ® for cis- and trans-decalin. 


EXPERIMENTAL 

Nuclear magnetic resonance spectra were determined with a Varian V4300B spectrometer 
at 40 mcycles/sec., for 10% solutions in chloroform. Chemical shifts were measured relative 
to chloroform (+ = 2-75) by applying side-bands with a Muirhead decade oscillator. 

4 Hesse, Angew. Chem., 1958, 70, 134. 

5 Hirst, Hoaglin, and Kubler, J. Org. Chem., 1958, 23, 1083. 

6 Verley, Bull. Soc. Chim., 1899, 21, 275. 

7 Jackman, “ Applications of Nuclear Magnetic Resonance Spectroscopy in Organic Chemistry,” 
Pergamon Press, London, 1959. 

8 Musher and Richards, Proc. Chem. Soc., 1958, 230. 
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cis-Hexahydro-2-methyl-1,3-benzodioxolan (II and III).—(a) Cyclohexane-cis-1,2-diol (3 g.) 
was boiled with acetaldehyde diethyl acetal (15 g.) and benzoyl chloride (0-1 g.) for 2 hr. The 
reaction was completed by allowing ethanol to distil, as it was formed, through a short fraction- 
ating column. The mixture was shaken with sodium carbonate solution, then extracted with 
ether. After removal of the solvents the residue was twice distilled over lithium aluminium 
hydride under reduced pressure, yielding the cyclic acetal (2-5 g., 68%), b. p. 64°/18 mm., n,”° 
1-4510 (Head ® gives b. p. 77—82°/33 mm., »?° 1-4497) (Found: C, 67-3; H, 10-0. Calc. for 
C,H,,0,: C, 67-6; H, 9-9%), vmax. (liquid film) 690, 714, 772, 807, 832, 857, 883, 916, 957, 997, 
1014, 1042, 1083, 1098, 1113, 1142, 1196, 1250, 1307, 1323, 1343, 1357, 1370, 1411, 1437, 1451, 
2795, 2875, and 2940 cm."}. 

(b) (Dr. B. S. Josu1). Cyclohexane-cis-1,2-diol (2-3 g.), acetaldehyde (2 c.c.), and phos- 
phoric acid (3 c.c.) were boiled under reflux for 2 hr., cooled, neutralised with aqueous sodium 
hydroxide, and extracted with ether. Removal of the ether and distillation of the residue 
gave the cyclic acetal (1 g., 36%). 

(c) Cyclohexane-cis-1,2-diol (2 g.), vinyl acetate (16 g.), mercuric acetate (0-5 g.), and 
mercuric sulphate (0-4 g.) were stirred together at 40° for 2 hr. After filtration, most of the 
vinyl acetate was removed under reduced pressure. The remainder was destroyed by shaking 
the residue with 30% aqueous sodium hydroxide for 5 min., and the product (1-3 g., 539) was 
isolated by ether-extraction, and was purified as in method (a). 

(ad) Sulphur dioxide was passed through a solution of cyclohexane-cis-1,2-diol (3 g.) in ether 
(150 c.c.) containing diazomethane (ca. 3-5 g.) at — 10° until the yellow colour had disappeared ; 
the whole was set aside overnight, then boiled under reflux for 30 min. After removal of most 
of the ether, acetaldehyde (20 c.c.) and benzoyl chloride (0-1 g.) were added and boiling was 
continued for 2 hr. The mixture was evaporated to a small volume, shaken with sodium 
hydrogen carbonate solution, and extracted with ether. The product (1-5 g., 41%) was isolated 
as in method (a). 

trans-Hexahydro-2-methyl-1,3-benzodioxolan (1).—Cyclohexane-trans-1,2-diol (11-5 g.) was 
caused to react with acetaldehyde diethyl acetal (60 g.) by method (a) above, but 6 hours’ 
boiling were needed for complete reaction. The cyclic acetal (6-8 g., 49%), isolated as above, 
had b. p. 70°/18 mm., »,*° 1-4418 (Found: C, 67-6; H, 10-2), vmax. (liquid film) 695, 713, 823, 
837, 851, 877, 905, 927, 941, 964, 1037, 1050, 1115, 1130, 1208, 1237, 1276, 1325, 1338, 1354, 
1367, 1383, 1408, 2960, and 2930 cm.!. This compound (1-0 g., 25%) was also obtained from 
the diol (3-5 g.) by method (d). 

trans-Hexahydro-2,4-dimethyl-1,3-benzodioxolan.—|-Methylcyclohexane-trans-1,2-diol (5 g.) 
was treated with acetaldehyde diethyl acetal (30 g.) by method (a) above with 5 hours’ boiling, 
giving the cyclic acetal (3-0 g., 50%), b. p. 75—-76°/18 mm., »,,”° 1-4635 (Found: C, 69-1; H, 10-5. 
C,H,,O0, requires C, 69-2; H, 10-2%), vmax, (liquid film) 685, 713, 743, 805, 836, 848, 873, 925, 
948, 970, 1037, 1067, 1080, 1115, 1130, 1147, 1218, 1246, 1276, 1290, 1326, 1390, 1450, 1465, 
2885, and 2958 cm.}. 

cis-Hexahydro-2,4-dimethyl-1,3-benzodioxolan.—1-Methylcyclohexane-cis-1,2-diol (3 g.) was 
treated with acetaldehyde diethyl acetal (30 g.) by method (a), giving the cyclic acetal (1-7 g., 
47%), b. p. 65°/18 mm., 7,,*° 1-4472 (Found: C, 69-2; H, 10-1%), vmax, (liquid film) 685, 698, 
735, 794, 836, 847, 871, 886, 917, 953, 970, 997, 1033, 1050, 1077, 1125, 1145, 1207, 1243, 1325, 
1339, 1374, 1411, 1453, 2795, 2870, and 2945 cm... 


The authors are much indebted to Professor Sir Alexander Todd for his interest, to Dr. N. 
Sheppard for help in interpreting the nuclear magnetic resonance spectra, and to Dr. B. S. Joshi 
for some preliminary experiments. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. Received, March 15th, 1961.) 
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707. Sulphur—Nitrogen Compounds. Part II. The Hydrolysis of 
Hydroxylaminetrisulphonate and Hydroxylamine-NO-disulphonate Ions 
in Perchloric Acid. 


By J. P. CANDLIN and R. G. WILKINs. 


By using [(SO,),NO(®SO,)]*~ and [°SO,-NH-O-SO,]?-, hydroxylamine 
trisulphonate ion has been shown to be hydrolysed exclusively to hydroxyl- 
amine-NO-disulphonate ion, which is then hydrolysed at a much slower rate 
to hydroxylamine-O-sulphonate (rather than to the N-sulphonate). The 
rates (R) of hydrolysis of the tri- and di-sulphonate ions (S) are given by 
the expression R = k,[S]{[H*] from pH ~3 to 0-5m-perchloric acid but there- 
after the rates increase more rapidly than Cy+. The values of hk, 
(extrapolated to zero ionic strength) are 10'5-? exp (—23,700/RT) and 
1016-5 exp (—29,200/RT) 1. mole™ sec. for the trisulphonate and NO-di- 
sulphonate respectively. A simple mechanism is proposed for the hydrolysis 
of the two compounds. The dependence of the rates on the ionic strength 
and on D,O/H,0 content is examined. 


FREmy ® first prepared potassium hydroxylaminetrisulphonate but it was not until many 
years later that Haga* correctly formulated it as a triacylated hydroxylamine. The 
anion is hydrolysed in acid in three stages: 


(SO3),N*O°SO,- + H,O — SO,-NH‘O'SO,2 ++ HSO, ww eee CC) 
SO *NH-OSO,2- + HJO —B NH,O'SO,, + HSO,- . . . 2... 
NH,"OSO,- + HO —B NH,OH+HSO- . ...... . Q) 


The first of these stages appears to be the fastest since hydroxylamine-NO-disulphonate 
ion was first prepared by Haga* and independently by Raschig® by the hydrolysis of 
potassium hydroxylaminetrisulphonate. It is stable enough for the salts to be recrystallised 
from dilute acid solution. It is hydrolysed, however, slowly in acid solution leading 
eventually to hydroxylamine and hydrogen sulphate. Raschig* found evidence for the 
intermediate formation in solution of an oxidising agent which he considered to be the, 
then unknown, hydroxylamine-O-sulphonate ion. Only some early qualitative kinetic 
studies in acid solution have been previously reported.® 

In this paper we report the kinetics of hydrolysis of trisulphonate ion (1) and of 
hydroxylamine-NO-disulphonate ion (2), and a later paper will examine stage (3) which, 
it transpires, is the rhost complicated of the three. All these reactions are acid-catalysed. 
They produce, commonly, hydrogen sulphate (or sulphate) and the rates can be conveniently 
followed by analysing for this ion chemically or (to increase the range of observations) 
radiochemically.? 

Stage (1) can be easily isolated kinetically from the subsequent stages but, because 
the rates of steps (2) and (3) are similar, the investigation of the kinetics of stage (2) from 
the rate of sulphate production would be complicated by the early incursion of stage (3). 
This difficulty was avoided by studying the hydrolysis of a dilute solution (~10™m) of 
K,{*®SO,*-NH-O-SO,]. [®*S]Sulphate is produced during stage (2) and is diluted with a 
large constant excess of inactive sulphate, so that the varying but very small amount of 
inactive sulphate produced by stage (3) is not important. The rate of increase of specific 
activity of sulphate thus measures directly the progress of the hydrolysis of only the 
hydroxylamine-NO-disulphonate ion. In all studies four effects primarily have been 


1 Part I, Candlin and Wilkins, J., 1960, 4236. 
2 Fremy, Ann. Chim. Phys., 1845, 15, 408. 

3 Haga, J., 1904, 85, 78. 

4 Haga, J., 1906, 89, 240. 

5 Raschig, Ber., 1906, 39, 245. 

6 Wagner, Z. phys. Chem., 1896, 19, 668. 
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examined, viz., acidity, ionic strength, temperature, and the effect of replacing water by 
deuterium oxide. 





EXPERIMENTAL 


Materials.—K,[(SO;),N*O-SO,],14H,O was prepared by a modification of Fremy’s original 
method.? Potassium hydroxylamine-NN-disulphonate ’ (50 g.), potassium hydroxide (5 g.), 
and lead dioxide (100 g.) were boiled in water (750 c.c.) until the supernatant liquor became 
colourless (approx. 15 min.). The mixture was cooled and filtered and lead salts in the filtrate 
were removed as a basic carbonate after precipitation with carbon dioxide at pH >9. The 
filtrate was evaporated to about 150 c.c. under reduced pressure at ca. 40° and, on cooling, 
the trisulphonate crystallised (65 g., 90%). The material was recrystallised from slightly 
alkaline solution. It was washed with cold water, methanol, and ether and stored in a vacuum- 
desiccator over KOH. It was sulphate-free. It was analysed after hydrolysis to hydroxyl- 
amine and sulphate by 0-5m-perchloric acid at 140° for several hours (Found: N, 3-2; S, 22-9. 
Calc. for K;,NO,,S3,14H,O: N, 3-4; S, 23-2%). 

Potassium hydroxylamine[*S,]trisulphonate was obtained similarly from potassium 
hydroxylamine-N N-[*5S,]disulphonate (4 g.)._ Thelatter was prepared from [**S]sulphur dioxide 
generated by electrical ignition of a mixture of dried sodium [**S]sulphate (200 mg.) and red 
phosphorus (400 mg.) in dried oxygen. The radioactive sulphur dioxide, followed by inactive 
sulphur dioxide to flush out the ignition apparatus, was passed into a mixture of potassium 
nitrite and hydrogen carbonate until the [*°S]disulphonate was precipitated.’ 

For preparation of K,[(SO,),N-O-*5SO,],1$H,O, [*5S]sulphur dioxide from dried sodium 
[*5S]sulphate (200 mg.) and red phosphorus (400 mg.) was absorbed in 10% potassium hydroxide 
solution. The ignition apparatus was then flushed with dried nitrogen which was aJso passed 
through the potassium hydroxide. Potassium nitrosyl disulphonate ® (4 g.) was added and 
a few minutes afterwards potassium metabisulphite (3-3 g.) in water (20 c.c.), the solution 
being alkaline at this stage. Concentrated barium acetate solution was added to the colourless 
solution until precipitation of barium sulphate was complete, and carbon dioxide passed into 
the alkaline filtrate. After removal of barium carbonate, the filtrate was evaporated under 
reduced pressure to about 15 c.c. and cooled, and the material separating filtered off and washed 
as before (yield 2 g.). This compound, when hydrolysed completely in acid, gave barium 
sulphate (1760 counts/min. with standard conditions, “‘ infinitely ’’ thick, 0-8 sq. cm. ‘‘ mat’’). 
When hydrolysed to the first stage it gave inactive barium sulphate (4 counts/min.) and a 
filtrate containing the NO-disulphonate, which when decomposed gave barium sulphate (2620 
counts/min.). The trisulphonate exchange rate with sulphate or sulphite ions was very slow, 
amounting to about 10% in 24 hr. at 25°, of which at least 8% was due to coprecipitation of 
barium trisulphonate with barium sulphate or sulphite, addition of barium ions being the 
separation procedure used. It was found later that there was negligible coprecipitation when 
lead ions were used as precipitant. 

K,[(®SO,),N-O-SO,],14H,O was prepared from NO(*®SO,K), and inactive potassium meta- 
bisulphite by the method described above. Potassium nitrosyl] [**S]disulphonate was prepared 
on a small scale from [*S]sulphur dioxide * by the method of Harvey and Hollingshead.® 
Hydrolysis of the labelled hydroxylaminetrisulphonate (2 g. in 50 c.c. of 0-1m-hydrochloric 
acid) led directly to the desired K,[*°SO,-NH-O-SO,]. The solution was left overnight and 
made alkaline with potassium hydroxide, and barium hydroxide added until all sulphate was 
precipitated. The barium sulphate was removed and carbon dioxide passed into the filtrate 
to precipitate the excess of barium hydroxide. The filtrate was then evaporated to about 
10 c.c. under reduced pressure at ca. 40°, ethanol (10 c.c.) added, and the solution cooled. 
The precipitated potassium hydroxylamine-NO-[*S]disulphonate was washed with a small 
amount of ice-water, alcohol, and ether and stored in a vacuum-desiccator over KOH. The 
inactive compound was prepared similarly and recrystallised from mildly alkaline solution. 
It was analysed after hydrolysis to hydroxylamine and sulphate (Found: N, 4-7; S, 23-5. 
Calc. for HK,NO,S,: N, 5-1; S, 23-8%). 

Kinetic Procedure.—The methods used for following the rate of production of sulphate were 

7 Palmer, ‘‘ Experimental Inorganic Chemistry,”’ Cambridge, 1954, p. 279. 


8 Johnson and Huston, J. Amer. Chem. Soc., 1950, 72, 1841. 
®* Harvey and Hollingshead, Chem. and Ind., 1953, 244. 
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described in Part I. Direct estimation with lead nitrate, with dithizone as indicator and 
10-°m-trisulphonate, gave excellent first-order kinetic plots and was used to examine the effects 
of ionic strength, temperature, and deuterium oxide on the rate. For the experiments in low 
ionic strength, only the radiochemical method could be used, employing 1—6 x 10™‘m- 
K,[(*®SO3),N*O-*SO,] from several freshly prepared stock 3 x 10°m-solutions kept at 0°. The 
small amount of chemical sulphate produced containing **SO,?- was diluted with a large excess 
of sulphate and precipitated and radioassayed as lead sulphate.1 The material was easier to 
filter off and wash when precipitated at pH ~3. Both the radiochemical and the ethylene- 
diaminetetra-acetate method were used for the experiments in high acidity, the former giving 
the better results. Runs 25—29 were carried out in a total volume of 2-5—5-0 c.c. to conserve 
deuterium oxide and the H,O-D,O mixtures were made up accurately by volume since the 
molar and the partial molar volumes of the two solvents are very similar. The buffer solutions 
were made up from standard solutions of formic acid and sodium formate (prepared from 
‘“‘AnalaR ” formic acid and sodium carbonate) and the pH (3-5) measured with a Pye pH meter. 

Apart from the initial rate (followed to the extent of 7% total reaction) and total sulphate 


Kinetics of hydrolysis of hydroxylaminesulphonates. 


(a) Hydroxylaminetrisulphonate (b) Hydroxylamine-NO-disulphonate 
Added 10*k,/(H*} Added 10?k,/[H*+] 
Run [HC1O,]} 10*%, (l.mole* Run [HCIO,} 10*k, (1. mole 
no. Temp. (mM) I(mM) (min.-!) min.~) no. Temp. (mM) I (mM) (min.-!)  min.~) 
Effect of acid Effect of acid 
1 250° pH ~9 0-06 <2% reaction 33. -75:0° pH ~9-5 ~8% reaction 
in 41 days in 20 days 
2¢ Ol 0-00060 0-56 00086 0-15° 34 65-0 0-0013 0-50 0-567 4:35 
3 0-1 0-025 0-56 0-419 * 0-17 35 = 65-0 0-025 0-50 9-49 3-8 
4 0-1 0-050 0-56 0-852 0-17 36 = 65-0 0-050 0-50 20-3 4-1 
5 0-1 0-100 0-56 1-71 0-17 37 = 65-0 0-100 0-50 37-1 3-7 
6 0-1 0-300 0-56 6-87 0-23 38 65-0 0-200 0-50 81-0 4-05 
7? 0-1 0-100 3-06 0-933 0-09 39% 65-0 0-200 0-50 85-1 4-3 
8¢ 0-1 0-500 3-06 4-63 0-09 40 65-0 0-400 0-50 173 4-3 
9° 0-1 1-00 3:06 = =10-7 0-11 41 40-0 1-00 1-00 14-9 0-15 
10° 0-1 2-00 3:06 22-3 0-11 42 40-0 1-00 6-00 14-8 0-15 
lle 0-1 3-00 3:06 62:0 0-21 43 40-0 6-00 6-00 1250 2-1 
126 O01 0-500 6-00 3-36 0-07 
13¢ 0-1 6-00 6-00 1060 1-8 Effect of ionic strength 
44 75-0 0-025 0-025 108 43-2 
Effect of ionic strength 45 75-0 0-025 0-075 70-3 28:1 
14¢ 25-0 0-00050 0-0011 5-34 107 46 75-0 0-025 0-225 44-0 17-6 
15 25-0 0-050 0-110 110 22-0 47 75-0 0-025 0-325 37-8 15-1 
16 25-0 0-050 0-160 86-0 17-2 48 75-0 0-025 0-525 31-2 12-5 
17 25-0 0-050 0-210 68-7 13-7 
18 25-0 0-050 . 0-310 51-7 10-3 Effect of temperature 
19 25-0 0-050 0-410 42-6 8-5 49 60:05 0-100 0-100 34-9 3-5 
20 25-0 0-050 0-610 31-3 6-3 50 65-28 0-100 0-100 68-9 6-9 
51 70-28 0-100 0-100 132 13-3 
Effect of temperature 52 75:23 0-100 0-100 236 23-6 
21 5-15 0-100 0-160 11-0 1-10 
22 10-60 90-100 0-160 248 2-48 Effect of D,O 
23 15-55 0-100 0-160 51-4 5-14 53 «65-0 0-100 0-100 71-7 7-2 
24 20-40 0-100 0-160 103 10-3 549 65-0 0-100 6-100 187 187 
Effect of H,O/D,O 
25 25-0 0-096 0-160 193 20-2 * Radiochemical estimation. ® Estimated 
264 25-0 0-096 0-160 241 25-1 from run at 25-0° and E,ys. © EDTA estim- 
27¢* 25-0 0-096 0-160 334 34-8 ation. ¢ 24%D,0. *48%D,0. / 72% D,0O. 
28 25:0 0-096 0-160 431 44-9 ¢ 96% D,O. * Extrapolated value for 100% 
299 25-0 0-096 0-160 600 62-5 D,O. ‘ From initial rate (dithizone method). 
(66-7) * 
Effect of buffer 
[H-CO,H] 
= [H-CO,Na] 
() 
30 45-0 0-025 0-56 2-53 78 
31¢ 45-0 0-075 0-56 2-52 78 
32¢ 45-0 0-150 0-56 2-44 74 
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runs (dithizone method), only the radiochemical method was used for the NO-disulphonate 
study, employing 5 x 10‘%m- to 5 x 10°m-active compound. Hydroxylamine-O-sulphonic 
acid was estimated in a solution (150 c.c.) containing ca. 0-25mM-sulphuric acid, sodium hydrogen 
carbonate (0-25 g.), potassium iodide (0-5 g.), and a chip of solid carbon dioxide. The stoppered 
solution was set aside for about 3 hr. in the dark, and the liberated iodine then estimated with 
standard thiosulphate solution. 

The ionic strength was adjusted with recrystallised sodium perchlorate. For runs between 
0° and room temperature, the thermostat was placed in a refrigerated room. The results 
are given in the Table. Values of H, are taken from Long and Paul’s review.!° The addition 
of either 0-2m- or 0-4m-potassium tri- or di-sulphonate or potassium chloride did not affect 
the pH of an 0-1m-hydrochloric acid solution, thus indicating that the tri- and di-sulphonate 
ions remained unprotonated at these acidities. 


RESULTS 
A point is reached and retained for some time in the hydrolysis of the trisulphonate when 
the amount of sulphate produced (estimated chemically or radiochemically) is one-third of 
the final amount obtained on ultimate hydrolysis to hydroxylamine. This proves that the 


Fic. 1. Effect of ionic strength on the second-order 
vate constant for hydrolysis of hydroxylamine- 








trisulphonate. Fic. 2. Effect of deuterium oxide on the rate of 
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first stage is much faster than the subsequent hydrolysis of the disulphonate. It remains then 
to show that the nitrogen-bound, rather than the oxygen-bound, sulphonate is broken exclusively 
in the hydrolysis of the trisulphonate. This is accomplished by studying the products of the 
first stage of the hydrolysis of K,[(SO,),N-O-*SO,]. The sulphate is inactive and the specific 
activity of the hydroxylaminedisulphonate 50% higher than that of the original compound, 
both estimated as sulphate. These experiments confirm the validity of equation (1). 

The hydrolysis of hydroxylamine-NO-disulphenate leads also exclusively to N-S bond 
rupture, forming hydroxylamine-O-sulphonate with negligible production of hydroxylamine- 
N-sulphonate [SO,-NH-OH]~. This was clear when the initial (and overall) rate of production 
of *SO,?" from [°°SO,-NH-O-SO,]?~ was found to be equal to the initial rate of production of 
sulphate (runs 38 and 39). Only a very small amount of sulphate from stage (3) accumulates 
in the early part of stage (2). Since sulphate results from both N-S and O-S (or N-O) bond 
rupture, whereas radioactive sulphate is produced only from N-S breakage, the latter must 
account for > 95% of cleavage acts. 

The trisulphonate ion is not hydrolysed significantly, nor is there a perceptible change in 
the pH of the solution, in 41 days at pH 9 (run 1). However, the disulphonate ion is hydrolysed 


10 Long and Paul, Chem. Rev., 1957, 57, 1. 
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very slowly in weakly alkaline solution (run 33), with slight attendant rise in acidity, and more 
rapidly in strongly alkaline solution.11 From approximately 10%m- to 0-5m-perchloric acid, 
the rate (R) of hydrolysis of both compounds [S] can be expressed adequately by R = k,[S][H*]. 
This is indicated by the reasonable constancy for k,/[H*] (=A,) (runs 2—6, 7, 8; 34—40), k, 
being the pseudo-first-order rate constant for hydrolysis at constant acidity, independent of a 
variation of the concentration of the sulphonate (run 2, 3 x 10m; runs 3—6, 10m; run 
50, 5 x 10m; run 53, 5 x 10m). 

Simple pH experiments show that up to (at least) 0-5m-acid, the tri- and di-sulphonate 
ions remain substantially unprotonated and this is also indicated by the effect of ionic strength 
on the rate (runs 14—20 and 44—48). The values of log, &, against 1-018 J+/(1 + J) for the 
trisulphonate deviate little from a line of slope — 2-9 (Fig. 1), as might be expected for a reaction 
between trinegative and monopositive ions. The validity of this expression (at this admittedly 
high ionic strength) for this compound is substantiated by the radiochemical measurement 
which could be carried out at low ionic strength (Fig. 1). If the fuller expression 


3x1 t 
log kg = log k,° + 2 a + BI 
is employed, a reasonable value for B of 0-074 is obtained. A similar plot for the disulphonate 
ion of log k, against 1-134J+/(1 + I}) is also linear with slope of —1-87. 

From Fig. 1 and from the above extended relationship, for the trisulphonate ion, 
k,(I —» 0) at 25° is 0-0207 1. mole™ sec.1. By using the experimentally determined value 
for the energy of activation of 23-7 kcal. mole™ (runs 16, 21—24; also runs 4 and 20) and the 
relationship 1? k,(J —» 0) = (ekT/h) exp (AS*/R) exp (—E,y/RT), AS* = +11-2 e.u. Simi- 
larly, for hydroxylamine-NO-disulphonate ion, k,(J —* 0) at 75-0° is 0-013 1. mole™ sec.*. 
With the energy of activation of 29-2 kcal. mole (runs 49—52 or 35 and 48), this leads to a 
value for AS* = +14-9e.u. The positive values for the entropies of activation are expected 
for reactions between oppositely charged ions. 

The effect of D,O/H,O composition on the rate of hydrolysis of hydroxylaminetrisulphonate 
is shown in Fig. 2, » signifying the atom fraction of deuterium in the solvent. The solid curve 
indicates that expected theoretically on the basis of a value of either 8-2 1° or 11-0 ™ for the 
equilibrium constant for the reaction 2D,0* + 3H,O == 2H,O* + 3D,0. 

Above about 1-0m-perchloric acid, the values for k,/[H*] increase quite markedly for 
both compounds. This suggests that the rates of hydrolyses parallel Hammett’s acidity 
function hy rather than Cq+. However, the values of A log k,/A(— H,) deviate from the expected 
ratio of unity, being 0-61 in the case of the trisulphonate (runs 6 and 13) and 0-71 for the di- 
sulphonate (runs 41 and 43). At a constant ionic strength of 6-0m these values both increase 
to 1-45 (runs 12 and 13; 42 and 43). 


DISCUSSION 


The following mechanism is proposed for the hydrolysis of hydroxylamine-trisulphonate 
(R = SO,~) and -NO-disulphonate (R = H) ions: 


-O,S°O-NR'SO,- + H+ === ~O,S*O-NRHSO,- 





+ \ Slow 
—O,S°O"NRH—SO,~- ——3 ~O,S:O"NRH + SO, 
Fast 
SO; + H,O ——> Ht + HSO,- 


It is difficult to distinguish between the suggested mechanism involving a pre-equilibrium 
followed by a slow reaction (S + H* == SH*t; SH* —» Products) and an alternative 
slow protonolysis (S + H* —+» Products).!* A dependence of the rate on A, can be 


11 Nast, Nyul, and Grziwok, Z. anorg. Chem., 1952, 267, 304. 

12 Glasstone, Laidler, and Eyring, ‘‘ The Theory of Rate Processes,’’ McGraw-Hill Book Co., Inc., 
New York, 1941, p. 417. 

13 Swain, Bader, and Thornton, Tetrahedron, 1960, 10, 200. 

14 Purlee, J. Amer. Chem. Soc., 1959, 81, 263. 

15 See (a) Melander and Myhre, Arkiv Kemi, 1959, 18, 507, and (b) Gold, Trans. Faraday Soc., 1960, 
56, 255, for recent discussions of this point. 
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explained on the basis of either mechanism.%*! A much faster hydrolysis of both com- 
pounds in deuterium oxide is observed,k,™®°/k,"*° being 3-3 and 2-6 for the tri- and 
di-sulphonate respectively. Such behaviour has been used extensively to support a 
pre-equilibrium mechanism, because of the formation of larger concentrations of the 
conjugate acid in the deuterated solvent.!” Further, a curve for the dependence of the 
rate on the D,O/H,O composition can be derived theoretically (Butler—Gross) and the 
agreement with experimental data for the trisulphonate (see Fig. 2) lends further support 
to the pre-equilibrium step. However, recently, even this criterion has been challenged,! 
and although a slow protonolysis might be expected to lead to k?:°/k4:° values less than 
one,!8 * the distinction based solely on consideration of kinetic data is somewhat un- 
satisfactory. 

For the trisulphonate ion, the second-order rate constant in formate buffers varies 
little with buffer concentration (runs 30—32) and is similar to the value expected in per- 
chloric acid (0-82 1. mole? min. from runs 3—5 and energy of activation). There is 
thus little evidence for general acid-catalysis of these compounds and it is certainly much 
easier to understand specific acid catalysis in terms only of a pre-equilibrium, while reactions 
which proceed via a slow proton-transfer would be expected to be generally acid-catalysed.” 
It is interesting that the hydrolysis of amine-trisulphonate #4 and -disulphonate 8 ions 
also appears to be specifically catalysed by hydronium ions. 

The position of the proton in the conjugate acid is uncertain; placing it on a sulphonate 
group (other than the one being removed) or the nitrogen atom gives the same result. 
However, most electrostatic effect will be obtained if it is placed on the nitrogen atom, 
by attracting the N—S bonding electrons despite the presence of positive charge on the 
sulphur atom. This electron-attracting nature of the sulphonate group at short 
distances 8 will also mean that smaller amounts of the conjugate acid will be formed in 
the pre-equilibrium step with increasing numbers of sulphonate groups in the compound.+ 
The faster rate of hydrolysis of hydroxylamine trisulphonate must indicate, then, that 
the rate constant for the slow step must be larger for the tri- than the di-sulphonate. This 
may perhaps be due to steric factors. With the aminesulphonates too, the presence of 
sulphonate groups facilitates acid hydrolysis, the sequence being N(SO,),3- > NH(SO,),?— 
> NH,SO,~.*-221 

It has been suggested (Hammett—Zucker hypothesis) that in acid-catalysed reactions, 
a value of about unity for the ratio A log k,/A (—H,) implies a transition state involving 
only the conjugate acid of the substrate with no intervention of a solvent molecule (desig- 
nated A-1).1* The idea has been applied particularly to neutral molecules, although 
the small amount of work that has been carried out appears to show that H_ and H,, func- 
tions are very much like H, (for example,” the hydrolyses of aromatic sulphonic acids 
follow Hy). We are dealing with negative ions and values for H,_ and H3_, appropriate 
for our case, are unknown. Neither are we necessarily justified in, for example, assuming 
the constancy of (f/gxu+/fn)(fe-/f¢:-) which would be the basis for the application of the 


k k 
* Schubert and Myhre ¥ have shown that in the reaction S + HA —= SH* + 2 ome products 


(where S = 2,4,6-tri-isopropylbenzaldehyde) f, is the .rate-determining step above 85% H,SO, and 
P80 / RHO 0-2, 

t In acidities of 0-1mM, hydroxylamine-O-sulphonate and sulphamate ions are almost completely 
protonated.': *4 


16 Long and Paul, Chem. Rev., 1957, 57, 935. 

17 Wiberg, Chem. Rev., 1955, 55, 713. 

18 Long and Bigeleisen, Trans. Faraday Soc., 1959, 55, 2077. 

19 Schubert and Myhre, J. Amer. Chem. Soc., 1958, 80, 1755. 

20 E.g., Kresge and Chiang, J. Amer. Chem. Soc., 1959, 81, 5509. 
#1 Seel, Degener, and Kehrer, Z. anorg. Chem., 1957, 290, 103. 

22 Doyle and Davidson, J. Amer. Chem. Soc., 1949, 71, 3491. 


23 Bell, ‘‘ The Proton in Chemistry,’”’ Methuen, London, 1959, p. 99. 
24 Harnsberger and Maroney, 12Ist Meeting Amer. Chem. Soc., Buffalo, 1952. 
Gold and Satchell, J., 1956, 1635. 
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Hammett-Zucker hypothesis, where B = neutral indicator, S°- = trisulphonate, and 
{?- = transition state. It is, therefore, perhaps not surprising that the hydrolysis does 
not produce the theoretical value of +1 for A log k,/A(—H,). In addition, there is the 
unsatisfactory feature that the rates remain approximately constant (runs 6 and 12; 
41 and 42) when the ionic strength is increased to 6-0M, whereas the h, value increases 
15—20 fold.” However, we can tentatively suggest that the second step in the hydrolysis 
is A-1, and consider further evidence for the nature of this slow step. 

Aminetrisulphonate ion, N(SO,),°~, acts as a sulphonating agent in forming dithionate 
ions with sulphite.2*_ The yield is admittedly small (6%) but this may be due to the 
acidity of the solution since Baumgarten 6 observed no formation of dithionate ion from 
hydrogen sulphite and pyrosulphate, or the pyridine-sulphur trioxide adduct, whereas 
the yield from sulphite and pyrosulphate increases markedly in M-sodium hydroxide.2? 
There is thus some evidence that aminetrisulphonate ion does produce some SO, on 
hydrolysis and by analogy the two hydroxylaminesulphonates might be expected to act 
similarly, since in all cases an N-S bond is cleaved. They would not, however, be expected 
to produce any dithionate with sulphite since they hydrolyse only in the acid region where 
the latter exists as hydrogen sulphite (pK = 7-2). 

The hydrolyses of the tri- and NO-di-sulphonates have certain common features with 
those of the hydroxylamine-N N-disulphonate : 28-29 

(SO;),N-OH?- + H,O —» SQ,-NH-OH- + HSO,- 

All exist as unprotonated species in the acid range studied, and here the 
hydrolysisis of second-order—first-order in each reactant. In the absence of acid 
they are hydrolysed extremely slowly, 7.¢., ky<k, in the general expression 
R = k,{sulphonate}[{H*] + k,[sulphonate][H,O].* They are hydrolysed about three 
times faster in deuterium oxide than in water and this supports a common mechanism 
involving the pre-formation of the conjugate acid (see also ref. 28), which is then slowly 
hydrolysed either without (A-1) or with (A-2) participation of solvent molecule. There 
is some preference for the former in view of the fact that the rates above about 0-5m- 
perchloric acid follow 4) more closely than Cy+. The much slower hydrolysis of the NO- 
disulphonate arises mainly from an energy of activation very much higher (29-2 kcal./mole) 
than for the trisulphonate (23-7 kcal./mole) or the NN-disulphonate ® (21-2 kcal./mole). 
This behaviour is paralleled by that of the corresponding aminesulphonates (containing 
one and two N-S bonds) where we are also concerned with nitrogen-sulphonate bond 
cleavage. Thus the sulphamate ion, NH,°*SO,~ (Eact = 30-5 kcal./mole) + is hydrolysed 
much more slowly than the iminodisulphonate ion, NH(SO,).2~ (Eact = 23-5 kcal./mole).”” 
All three hydroxylaminesulphonates have positive entropies of activation, from 5 to 15 e.u. 
If the pre-equilibrium mechanism is correct, the quoted kinetic parameters will incorporate 
the thermodynamic data for the pre-equilibrium step but, judged from the behaviour of 
sulphamate ion, this will not be a large contribution. 

Our analytical method for studying the hydrolysis of NO-disulphonate avoided the 
problem of the hydrolysis of the monosulphonate. It is nevertheless worth considering 
the complete hydrolysis of hydroxylamine-NO-disulphonate (A, below) which represents 
at constant acidity two successive first-order reactions: 


A—»>B-+SO,> (h,) 
B—»C + SO, (h,) 


* Our observation *® that the hydrolysis of hydroxylamine-NN-disulphonate is not significantly 
water-catalysed is in direct contrast to that reported by Naiditch and Yost.** 

26 Baumgarten, /J., 1936, 1569. 

*7 Aten, Louwrier, Coppens, Kok, Roos, Kriek, Hillege, Vollbracht, and Hartog, J]. Inorg. Nuclear 
Chem., 1956, 3, 296. 

28 Naiditch and Yost, J. Amer. Chem. Soc., 1941, 68, 2123. 

2° Candlin and Wilkins, unpublished experiments. 

30 Maron and Berens, |. Amer. Chem. Soc., 1950, 72, 3571. 
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When k, and &, are comparable, then a significant quantity of the intermediate B, hydroxyl- 
amine-O-sulphonate ion, will accumulate and then disappear during the reaction. Since 
we have studied separately the hydrolysis of B,2* we now have the data to calculate the 
amounts of this intermediate and of total sulphate produced during the reaction: 34 


_  [Alo’s | 
(Bl = — &) 


[SO,?-] = 2[C] -} [B] = 2[A]o = 2[A] se sae (B] 





(e*it — entet) 


Since hydroxylamine-O-sulphonate [but not A or C (hydroxylamine)] oxidises iodide to 
iodine in acid solution it is possible to estimate its concentration during the hydrolysis. 
The result is shown in Fig. 3 for one set of conditions, namely, 10°*m-compound hydrolysing 








SF 
A 
Fic. 3. Composition, with time, of a solution 
o tO originally containing 10-*m-hydroxylamine- 
‘<x NO-disulphonate in 0-2m-perchloric acid at 
65°. 
A, Total sulphate. 
B, Hydroxylamine-O-sulphonate. 
C, Hydroxylamine-NO-disulphonate. 
O-SF 
B 
1 n i 
12) 2 4 6 8 
Time (hr) 


in 0-2m-perchloric acid at 65°, k, and k, being 8-0 x 10% (runs 34—40) and 5-9 x 10° 
min. respectively. The agreement between the experimental results and the theoretical 
curves is very satisfactory and indicates that at least with these conditions stage (2) 
occurs to the exclusion of any by-reactions. This is significant since it has been shown 
that, in the hydrolysis of the O- and N-monosulphonates,”®.*? hydroxylamine is not formed 
quantitatively in lower acid concentrations. The Figure also shows the validity of the 
method of initial rates, the early production of sulphate reflecting the loss of the di- 
sulphonate because of the induction period in the production of hydroxylamine (and 
further sulphate). Since the effect of temperature and acidity is markedly different for 
hydroxylamine-NO-di- and -O-mono-sulphonate, k, and k, may differ appreciably for 
conditions other than the experiment above and intermediate the may well be very much 
less stable. Haga‘ could find no evidence for the formation of hydroxylamine-O-mono- 
sulphonate when he studied the hydrolysis of hydroxylamine-NO-disulphonate, but, apart 
from his erroneous assumption that it would be a reducing agent, in his experiments at ca. 15° 
much less monosulphonate would accumulate during hydrolysis (second-order rate 
constants = 2-0 x 10° and 9-0 x 10° 1. mole? min. respectively). Raschig,5 on the 
other hand, treated the warm mixture of hydroxylamine-NO-disulphonate and hydrochloric 


31 Frost and Pearson, “‘ Kinetics and Mechanism,’”’ Wiley, New York, 1953, p. 153. 
32 Matsuguma and Audrieth, J. Inorg. Nuclear Chem., 1959, 12, 186. 
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acid with iodide so that the O-sulphonate would react as it was formed, and its detection 
thus presented no problems. 


We are grateful for the award of a Leverhulme Research Scholarship (to J. P. C.), and to the 
Referees for valuable comments. 
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708. Aspects of Stereochemistry. Part VII.* The Structure of Some 
Cyclic Acetals of D-glycero-p-gluco-Heptitol (8-Sedoheptitol). 


By K. W. Buck, A. B. Foster, N. K. RIcHTMYER, and E. Zissis. 


Graded acetolysis of tri-O-methylene-p-glycevo-p-gluco-heptitol, followed 
by saponification, afforded the 2,4-O-methylene derivative, the structure of 
which was proved. Similar treatment of an O-methyltri-O-methylene-p- 
glycero-D-gluco-heptitol yielded the 6-O-methyl-2,4-O-methylene derivative, 
thereby showing the precursor to have a 1,3:2,4:5,7-distribution of the acetal 
groups. The three products of graded acidic hydrolysis of 1,3:2,4:5,6-tri-O- 
benzylidene-p-glucitol were isolated after p-phenylazobenzoylation and 
chromatography on alumina. This method was only partially successful 
with tri-O-benzylidene-p-glycero-b-gluco-heptitol: 2,4-O-benzylidene-p- 
glycero-D-gluco-heptitol was one product of the graded hydrolysis. Intra- 
molecular hydrogen bonding has been invoked to account for the reaction of 
p-glycero-D-gluco-heptitol by only one of the two patterns predicted by the 
empirical rules. 


THE reaction pattern! of pentitols and higher polyhydric alcohols with aldehydes has 
been rationalized.2 In most cases the empirical rules * predict formation of a single series 
of products as acetalation of a polyhydric alcohol proceeds. However, there are instances 
where two, alternative, series of products are predicted but the rationalizations do not 
permit a final selection. For example, the formation of a 1,3- or a 3,5-O-benzylidene 
derivative from 1L-arabinitol is predicted since (in Barker and Bourne’s terminology *) 
both these compounds would contain $-rings and @C-rings cannot be formed. Apparently, 
only the 1,3-O-benzylidene derivative is formed experimentally.4 The suggestion has 
been made ® that the 1,3-O-benzylidene derivative (I) is preferred because more extensive 
intramolecular hydrogen bonding is possible than in the 3,5-O-benzylidene derivative (II). 
Possibilities of intramolecular hydrogen bonding, involving the side-chain hydroxyl 
groups, are similar for both structures (I) and (II), but the former has the remaining 
hydroxyl group axial to the 1,3-dioxan ring, an arrangement particularly suitable >® for 
intramolecular hydrogen bonding to the ring oxygen atoms (as shown). The correspond- 
ing hydroxyl group in 3,5-O-benzylidene-L-arabinitol (II) would be equatorial and hence 
in a relatively unfavourable position’ for such bonding. Similarly, D-glycero-p-gluco- 
heptitol (8-sedoheptitol) should * form either a 1,3:2,4:5,7- or a 1,3:4,6:5,7-tri-O-alkylidene 
derivative (e.g., III or IV), each of which contains one 6C and two @-rings. As acetalation 
of the heptitol proceeds the first preference should }3 be for a @C-ring and the two possible 
structures, 2,4- (V) and 4,6-O-alkylidene-p-glycero-D-gluco-heptitol (VI), are analogous to 


* Part VI, J., 1961, 2338. 

1 Barker and Bourne, Adv. Carbohydrate Chem., 1952, 7, 137. 

2 Barker, Bourne, and Whiffen, J., 1952, 3865; Mills, Adv. Carbohydrate Chem., 1955, 10, 1. 

3 Hann and Hudson, J. Amer. Chem. Soc., 1944, 66, 1909; Barker and Bourne, J., 1952, 905. 

4 Haskins, Hann, and Hudson, J. Amer. Chem. Soc., 1943, 65, 1663; Zissis and Richtmyer, ibid., 
1954, 76, 5515. 

5 Brimacombe, Foster, and Stacey, Chem. and Ind., 1958, 1228. 

® Baggett, Brimacombe, Foster, Stacey, and Whiffen, ]., 1960, 2574. 

7 Part VI, J., 1961, 2338. 
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the L-arabinitol derivatives (I) and (II) in possessing similar side chains but differing in 
the orientation of the hydroxyl group attached to the 1,3-dioxan ring. Since the 2,4-0- 
alkylideneheptitol derivative has an axial hydroxyl group it should be preferred to the 
alternative structure and should result in a 1,3:2,4:5,7-distribution of the acetal groups in 
the fully substituted heptitol. The structures of the alkylidene derivatives of D-glycero- 
p-gluco-heptitol were unknown when this prediction was made and structural investigation 
was therefore undertaken. We now report proof that the 8C-ring in the tri-O-methylene 
derivative spans the 2,4-positions and evidence that the same structural feature is present 
in the tri-O-benzylidene derivative. 

Treatment of D-glycero-D-gluco-heptitol (for which an improved preparative procedure 
is described) with aqueous formaldehyde and concentrated hydrochloric acid at 55° gave in 
excellent yield a crystalline tri-O-methylene derivative, further characterized as the 
O-acetyl and O-toluene-f-sulphonyl derivatives. The last compound did not undergo 
ester exchange during 6 hr. in boiling butan-2-one containing sodium iodide, thereby 
suggesting ® the presence of a secondary toluene-f-sulphonyloxy-residue. 

Acetolysis of the tri-O-methyleneheptitol, under conditions that would be expected ! 
to cleave 8-rings but leave @C-rings intact, gave a syrup which was deacetylated to yield 
crystalline 2,4-O-methylene-D-glycero-pD-gluco-heptitol (VII), further characterized as 
the penta-O-acetate. The mono-O-methylene derivative consumed 2-04—2-07 mol. of 
periodate, releasing 0-79—0-89 mol. of formic acid and 1-03 mol. of formaldehyde, and 
hence contained the -CH(OH)*CH(OH)-CH,°OH grouping. Reduction of the resultant 
pentose derivative (presumably 2,4-O-methylene-L-xylose) with sodium borohydride 
afforded the known 2,4-O-methylenexylitol.® Therefore the methylene group in the 
parent compound must span the 2,4-positions. The alternative structure, 4,6-O- 
methylene-D-glycero-D-gluco-heptitol would have yielded 2,4-O-methyleneribitol.! 





O—Ch2 O— CH: CH2-OH 
HC HC—9 Hie HC+OH HC—o 
O-HC ohh Oo—CH HO-CH CHR 
HC—O HC—O HC—oO 
HC—O He—oH, HC-OH (VII) R= R’*H 
HC-OH CH) HC—O* *CH2 HC-OR’ (VIII) R=H; R’= Me 
(i) Hc—o (IV) H¢—o~ H,C-OH (IX) R*=Ph; R=H 


Tri-O-methylene-D-glycero-D-gluco-heptitol gave a crystalline mono-O-methyl deriv- 
ative. On acetolysis and then deacetylation the O-methyl ether gave a crystalline 
O-methyl-2,4-O-methylene-pD-glycero-D-gluco-heptitol (VIII) which did not react with 
periodate. Hence the methyl group must have been located at position 6, since any other 


8 Tipson, Adv. Carbohydrate Chem., 1953, 8, 107. 
* Hann, Ness, and Hudson, J. Amer. Chem. Soc., 1944, 66, 670. 
© Hann and Hudson, J. Amer. Chem. Soc., 1944, 66, 1906. 
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O-methyl-2,4-O-methylene derivative should consume one or two mol. of periodate. Thus, 
the original tri-O-methylene-pD-glycero-D-gluco-heptitol must have a free 6-hydroxyl group 
and, since the @C-ring has been shown to span the 2,4-positions, the rules? may be 
confidently invoked to allocate a 1,3:2,4:5,7-distribution of the methylene groups (IIT). 

Tri-O-benzylidene-D-glycero-D-gluco-heptitol was first described by LaForge and 
Hudson." Graded acetolysis cannot be applied to this compound since both @- and @C- 
rings would be cleaved.1 Graded acidic hydrolysis of the tri-O-benzylidene derivative, 
followed by #-phenylazobenzoylation of the mixed product and fractionation on 
alumina,!* was therefore examined because of the encouraging results obtained with a 
model compound 1,3:2,4:5,6-tri-O-benzylidene-D-glucitol. Thus, D-glucitol and _ its 
2,4-0- and 1,3:2,4-di-O-benzylidene derivatives gave crystalline p-phenylazobenzoates and 
an artificial mixture of the esters could be fractionated on alumina with recovery of ca. 60%, 
of each component. Graded acidic hydrolysis of 1,3:2,4:5,6-tri-O-benzylidene-p-glucitol 
in dioxan-hydrochloric acid at 50° proceeded smoothly under homogeneous conditions. 
p-Phenylazobenzoylation of the mixed product and fractionation then gave the three 
esters in proportions dependent on the duration of hydrolysis. -Phenylazobenzoyl- 
ations in pyridine were performed at 95—100° with a significant excess of acid chloride in 
order to avoid partial esterification. At 0° p-phenylazobenzoylation of 2,4-O-benzylidene- 
D-glucitol with 4-4 mol. of acid chloride gave, in addition to the tetra-O-p-phenylazo- 
benzoate (12-0%), two tri-O-p-phenylazobenzoates (41-19% and 13-7%) and a di-O-p- 
phenylazobenzoate (14-39%). A mono-O-p-phenylazobenzoate was also detected but not 
isolated. The location of the ester residues in the partially substituted derivatives was not 
determined. Attempted methylation by methyl iodide-silver oxide—dimethylformamide 
gave methyl f-phenylazobenzoate. The use of pure dioxan was also mandatory in order 
to avoid contamination of the products with the mono- and di-O-p-phenylazobenzoates of 
ethane-1,2-diol. Authentic 2-O0-f-phenylazobenzoyloxyethanol, hitherto unknown, was 
readily obtained by partial esterification of ethane-1,2-diol. 

When tri-O-benzylidene-D-glycero-D-gluco-heptitol was partially hydrolysed in boiling 
dioxan-hydrochloric acid and the products were #-phenylazobenzoylated, a variety of 
coloured compounds was formed but none was isolated crystalline. When tri-O- 
benzylidene-O-p-phenylazobenzoyl-D-glycero-D-gluco-heptitol was partially hydrolysed and 
the products were fractionated without further #-phenylazobenzoylation, unchanged 
starting material (20-2%) and a di-O-benzylidene-O-p-phenylazobenzoyl-p-glycero-p- 
gluco-heptitol (15-9%), of undetermined structure, were the only crystalline products 
isolated. Paper chromatography of the graded hydrolysate ef tri-O-benzylidene-p- 
glycero-D-gluco-heptitol (detection with silver nitrate 1) revealed ten products, considerably 
more than expected. Chromatography on a cellulose column gave D-glycero-D-gluco- 
heptitol (34-5%), its tri-O-benzylidene derivative (1-89), and a small amount (0-7%) of 
an unidentified di-O-benzylidene derivative as the only crystalline products. When the 
content of fractions which were believed to contain the mono-O-benzylidene derivative 
were oxidised with periodate and then hydrolysed with acid, xylose was formed (identified 
by paper chromatography and ionophoresis); ribose could not be detected. Thus 2,4-0- 
benzylidene-D-glycero-D-gluco-heptitol (IX) was almost certainly a product of partial 
hydrolysis and the parent tri-O-benzylidene derivative most probably has the same, 7.e., 
1,3:2,4:5,7-distribution of the acetal groups as has the tri-O-methylene compound, 
provided that acetal migrations do not occur during the graded acidic hydrolysis. 

Treatment of D-glycero-D-gluco-heptitol with acid under the partial-hydrolysis conditions 
gave small amounts of unidentified products (detected by paper chromatography), possibly 

1 LaForge and Hudson, J. Biol. Chem., 1917, 30, 61. 

12 Baggett, Foster, Haines, and Stacey, J., 1960, 3528. 

18 Cf. Coleman, Farnham, and Miller, ]. Amer. Chem. Soc., 1942, 64, 1501; Coleman, Rees, Sundberg, 
and McCloskey, ibid., 1945, 67, 381; Mertzweiller, Carney, and Farley, ibid., 1943, 65, 2367; Boissonnas, 


Helv. Chim. Acta, 1947, 30, 1689, 1703; Umberger and Curtis, J. Biol. Chem., 1949, 178, 265. 
14 Trevelyan, Proctor, and Harrison, Nature, 1950, 166, 444. 
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anhydrides, so that similar products are likely in the hydrolysis of the tri-O-benzylidene 
derivative. Under similar acid conditions D-glucitol was unaffected. 


EXPERIMENTAL 
Methylene Compounds [Mr. E. Zissts] 


p-glycero-p-gluco-Heptitol (8-Sedoheptitol) from 2,7-Anhydro-B-p-altroheptulopyranose (Sedo- 
heptulosan).—The earlier directions * for the preparation of hexa-O-acetyl-«-p-altro-heptulo- 
pyranose were modified as follows. Powdered sedoheptulosan hydrate (50 g.) was added 
portion-wise (to moderate the exothermic reaction) to acetic anhydride (200 ml.) and fused 
sodium acetate (12-5 g.) on the steam-bath, and heating was continued for an additional 2 hr. 
The mixture was poured on ice (1 kg.) and left overnight at 0—5°, and the product extracted 
with dichloromethane (2 x 0-8 1.). The combined and dried (Na,SO,) extracts were con- 
centrated in vacuo to a syrup that contained a small amount of acetic acid. <A solution of the 
syrupy sedoheptulosan tetra-acetate in acetic anhydride (250 ml.) was cooled to 5° and treated 
with a freshly prepared mixture of 60% perchloric acid (0-5 ml.) and ice-cold acetic anhydride 
(320 ml.), and then left at 5° for 5 days. The dark solution was poured on ice (1-5 kg.) and, 
when most of the ice had melted, solid sodium hydrogen carbonate (400—600 g.) was added, 
with stirring, until the syrupy product became granular and floated to the surface. The 
mixture was stored at 5° overnight, then filtered and the product was washed with water 
(ca.11.). The crude, air-dried product (75 g.) was dissolved in hot ethanol (150 ml.), charcoal 
(60 g.; Darco G-60) was added, and the mixture was filtered through carbon (120 g.) which 
was then washed with hot ethanol (300 ml.). The filtrate was concentrated slowly until 
crystallization seemed to be complete, but not to a point where a syrupy phase appeared. 
The filtered crystals were immediately washed with cold ethanol, yielding slightly yellow 
sedoheptulose hexa-acetate, m. p. 97—99° (30—50 g.), which after recrystallization had m. p. 
98—99-5° and [a],,2° + 59-0° (c 1-2 in CHCl). 

To an ice-cold solution of the once recrystallized sedoheptulose hexa-acetate (60 g.) in 
methanol (750 ml.) was added a cold 0-5% solution (50 ml.) of sodium methoxide in methanol. 
The mixture was kept at 5° for 3 days, the excess of sodium methoxide was destroyed by carbon 
dioxide, and the solution was then filtered together with a small amount of carbon and con- 
centrated. A solution of the syrup in water (100 ml.) was added during 1 hr. to a stirred 
solution of sodium borohydride (10 g.) in water (100 ml.); the mixture was stirred for 
an additional 0-5 hr. and left at 5° overnight. The excess of reagent was destroyed with glacial 
acetic acid, and the solution was decationized with Amberlite IR-120 (H* form). The eluate 
was concentrated to a syrup and freed from boric acid by alternate dissolution in, and evapor- 
ation of, methanol (250 ml.), this process being carried out twice more. A solution of the final 
syrup in warm methanol (150 ml.) deposited volemitol (15 g.) when seeded. The mother- 
liquor was concentrated to 50 ml., seeded, and left at 5° for 2 weeks; D-glycero-p-gluco-heptitol 
(8-sedoheptitol) (7-2 g.) was obtained, having m. p. 128—130° after one recrystallization from 
aqueous ethanol. A third crop (1-3 g.) was a mixture of the two heptitols. 

1,3:2,4:5,7- Tvi-O-methylene-D- glycero-D-gluco-heptitol._—A solution of D - glycero - D-gluco- 
heptitol (5-2 g.) in concentrated hydrochloric acid (15 ml.) and 37% aqueous formaldehyde 
(20 ml.) was heated for 2 hr. at 55° and then allowed to concentrate over sodium hydroxide and 
concentrated sulphuric acid in an evacuated desiccator at room temperature. The crude 
crystalline product (6 g.) was collected, washed with cold water, and twice recrystallized from 
50 parts of hot water, to yield prismatic needles of tri-O-methylene-p-glycero-p-gluco-heptitol, 
m. p. 276—278° (decomp.; sealed capilliary) after sublimation at 130°, [«],2° —23-3° (c 0-4 in 
CHCI,) (Found: C, 48-6; H, 6-4. C,)9H,,0O, requires C, 48-4; H, 6-5%). 

Treatment of the tri-O-methyleneheptitol with acetic anhydride and sodium acetate in the 
usual way gave an O-acetate, m. p. 207—209°, [a],,2° —16-9° (¢ 1 in CHCI,) (Found: C, 49-9; H, 
6-5; Ac, 14:55. C,,H,,O, requires C, 49-65; H, 6-25; Ac, 14-8%); with toluene-p-sulphonyl 
chloride and pyridine it gave a toluene-p-sulphonate as needles (from 60 parts of 95% ethanol), 
m. p. 184—185° (decomp.), {a],?° —31-5° (c 1 in CHCI,) (Found: C, 50-5; H, 5-6; S, 8-2. 
C,,H,,0,S requires C, 50-7; H, 5-5; S, 8-0%). 

A solution of the toluene-p-sulphonate and dry sodium iodide in butan-2-one was boiled 


18 Richtmyer and Pratt, J. Amer. Chem. Soc., 1956, 78, 4717. 
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under reflux for 6 hr.; no sodium toluene-p-sulphonate separated on cooling, and 80% of the 
starting material was recovered. 

2,4-O- Methylene -D-glycero-pD-gluco-heptitol_—Tri-O - methylene-p-glycero-p-gluco-heptitol 
(3 g.) was dissolved by heat in a mixture of acetic anhydride (280 ml.) and glacial acetic acid 
(120 ml.); the solution was cooled rapidly to 5° and concentrated sulphuric acid (8 ml.) was 
added in small portions at such a rate that the temperature of the mixture did not exceed 8° 
and yet none of the starting material crystallized. After 1 hr. at 5° the solution was poured on 
ice and left at 5° overnight. The clear solution was partially neutralized by sodium hydrogen 
carbonate (700 g.) and then extracted with dichloromethane. The extract was washed with 
aqueous sodium hydrogen carbonate and water, dried (Na,SO,), filtered with carbon, and 
concentrated to a syrup that failed to crystallize. This product was deacetylated with sodium 
methoxide in the usual manner, and the product (1-2 g., 44%) recrystallized from aqueous 
acetone to furnish prismatic needles (0-8 g.) of 2,4-O-methylene-p-glycero-p-gluco-heptiiol 
hemihydrate that began to melt at 76° and melted completely at 128—130° (Found: C, 41-4; 
H, 7:5. C,H,,0,,4H,O requires C, 41-2; H, 7-35%). A solvent-free product was obtained by 
drying at 60° for 48 hr. or by recrystallization from absolute ethanol as fine needles, m. p. 129— 
130°, [a),,2° —13-1° (c 1 in H,O) (Found: C, 42-6; H, 7-3. C,H,,O, requires C, 42-85; H, 7-2%). 

When the acetolysis of tri-O-methylene-pD-glycero-p-gluco-heptitol was carried out for 
20 hr. at 5° a syrup was obtained, and this upon deacetylation gave a D-glycero-p-gluco-heptitol 
(36%) and only a small amount of its 2,4-O-methylene derivative. 

Acetylation of the 2,4-O-methylene derivative with acetic anhydride and sodium acetate 
gave a product, which, after three recrystallizations from aqueous acetone, afforded prisms of 
the penta-O-acetate (0-5 g., 54%), m. p. 91—92°, [a],2® +9-8° (c 1 in CHCI,) (Found: C, 49-55; 
H, 6-1; Ac, 49-4. C,,H,.,0,,. requires C, 49-8; H, 6-0; Ac, 49-5%). 

Oxidation of 2,4-O-Methylene-p-glycero-p-gluco-heptitol with Periodate to 2,4-O-Methylene-.- 
xylose and Reduction of the Latter to 2,4-O-Methylenexylitol.—2,4-O-Methylene-p-glycero-p-gluco- 
heptitol consumed 2-04 and 2-07 mol. of sodium metaperiodate and liberated 0-79 and 0-89 mol. 
of formic acid at the end of 24 and 120 hr. respectively. The amount of liberated formaldehyde, 
as determined by the method described by Reeves,!* was 1:03 mol. The hydrated 2,4-O- 
methylene-p-glycero-D-gluco-heptitol (0-5 g.) was oxidized with an excess of sodium meta- 
periodate for 24 hr., the mixture was deionized and concentrated to 15 ml., and sodium boro- 
hydride (0-2 g.) in water (10 ml.) was added dropwise to the stirred solution. After an 
additional 45 min. at room temperature the mixture was kept overnight at 5° and then acidified 
with a few drops of acetic acid. Cations were removed with Amberlite IR-120 (H* form), and 
the aqueous solution was concentrated to a residue that was freed from boric acid by several 
evaporations with methanol. The resulting crystals, when filtered and washed with acetone, 
gave a product (0-30 g., 85%) which, after one recrystallization from ethanol, had m. p. 109— 
111° and was identified as 2,4-O-methylenexylitol by a mixed m. p. and by similar comparisons 
of its tri-O-acetyl and tri-O-toluene-p-sulphonyl derivatives with authentic specimens.® 

6-O- Methyl-1,3:2,4:5,7-tvi- O-methylene -D-glycero-D- gluco-heptitol—A mixture of tri-O- 
methylene-p-glycero-D-gluco-heptitol (3-5 g.), silver oxide (6 g.), Drierite (6 g.), methyl iodide 
(100 ml.), and a few crystals of iodine was boiled under reflux for 24 hr. Additional amounts of 
methyl] iodide (50 ml.) and silver oxide (5 g.) were added and boiling was continued for another 
24 hr. The warm methyl iodide solution was decanted, filtered, and concentrated, to yield the 
O-methyl compound (0-6 g.). The silver oxide residue was extracted repeatedly with warm 
dichloromethane, and the extract was concentrated to give a mixture (2-7 g.) of the O-methyl 
compound and starting material. This mixture, on further methylation, afforded a further 
amount (0-8 g.) of O-methyl compound and a mixture (1-4 g.); the latter, on remethylation, 
furnished more O-methyl compound (1-1 g.; total yield 2-5 g., 68%). The combined product 
was recrystallized from hot ethanol and then from hot water, furnishing needles of the O-methyl 
ether m. p. 232—234° (capillary tube, with partial sublimation), [a],,2° —28-9° (c 0-25 in CHC],) 
(Found: C, 50-5; H, 7-2; OMe, 11-8. C,,H,,0, requires C, 50-4; H, 6-9; OMe, 11-8%). 

6-O- Methyl-2,4-O-methylene-D-glycero-D-gluco-heptitol.—O - Methyltri-O-methylene-p- 
glycero-D-gluco-heptitol (1-4 g.) was dissolved in cold acetolyzing solution prepared from acetic 
anhydride (35 ml.), glacial acetic acid, (15 ml.) and concentrated sulphuric acid (1 ml.), left in 
an ice-bath for 30 min., and then poured on ice. The mixture was kept cold overnight before 
being neutralized with solid sodium hydrogen carbonate and extracted with dichloromethane 

16 Reeves, J. Amer. Chem. Soc., 1941, 68, 1476. 
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(800 ml.). The extract was washed with 5% aqueous sodium hydrogen carbonate and water, 
dried (Na,SO,), filtered with carbon, and concentrated. The resulting syrup (1-7 g., 68%) was 
deacetylated with sodium methoxide in the usual manner and yielded O-methyl-O-methylene- 
heptitol (0-78 g., 90%), which, after recrystallization from aqueous acetone, had m. p. 151— 
153°, [a],,2° +11-8° (c 0-25 in water) (Found: C, 45-1; H, 7-8; OMe, 13-0. C,H,,0, requires 
C, 45-4; H, 7-6; OMe, 13-0%). This was not oxidized by sodium metaperiodate in 68 hr. 


Benzylidene Compounds [Mr. K. Buck] 


Identifications were made on the basis of mixed m. p.s and comparison of infrared spectra. 
Paper and cellulose-column chromatography was performed with the organic phase of butanol- 
ethanol—water (4: 1:5). Alumina of activity * Brockmann III was used. 

Preparation of p-Phenylazobenzoates.*—A mixture of 1,3:2,4-di-O-benzylidene-p-glucitol 
(0-72 g.), p-phenylazobenzoyl chloride (1-5 g., 3 mols.) and pyridine (30 ml.) was boiled under 
reflux for 6 hr. Water (5 ml.) was then added to the mixture which, after 30 min., was cooled 
and poured into ice-water (500 ml.). The product was collected, dissolved in chloroform, and 
washed successively with water, 10% aqueous cadmium chloride (twice), water, and aqueous 
sodium hydrogen carbonate. The dried (Na,CO,) solution was passed through alumina to 
remove p-phenylazobenzoic acid, then evaporated and the residue was recrystallized from 
benzene-light petroleum to yield 1,3:2,4-di-O-benzylidene 5,6-di-O-p-phenylazobenzoyl-p- 
glucitol (1-1 g.), m. p. 263—265° after preliminary melting and resolidification at 230—240°. 
Resolidification of the product, m. p. 263—265°, gave a compound of m. p. 260—262-5° which on 
recrystallization afforded a product with the original melting characteristics. These modific- 
ations are probably dimorphs since they gave indistinguishable infrared spectra (Nujol mulls). 

The esters in the Table were thus prepared and, with the above exception, they showed 
normal m. p. characteristics. 


Analytical and other data for some p-phenylazobenzoates. 


No. 1: Hexa-p-phenylazobenzoyl-p-glucitol. 

No. 2: 2,4-O-Benzylidene-1,3,5,6-tetra-O-p-phenylazobenzoyl-p-glucitol. 

No. 3: 1,3 : 2,4-Di-O-benzylidene-5,6-di-O-p-phenylazobenzoyl-p-glucitol. 

No. 4: 1,3: 2,4: 5,7-Tri-O-benzylidene-6-O-p-phenylazobenzoyl-p-glycero-p-gluco-heptitol. 

No. 5: Hepta-p-phenylazobenzoyl-p-glycero-p-gluco-heptitol. 

Yield Found (%) Required (%) 
No. (%) M. p. Formula Cc H N Cc H N 

1 55¢ 157-5—159° C,,Hg.N,.0,. 70-1 4-6 11-5 70-5 4-4 11-7 
2 90 192—193 CosHsoN,O10 70-8 4:3 10-1 70-8 4-6 10-15 
3 72 263—265 CyH;,N,O, 71-2 5-2 715 71:3 4-9 7-2 
4 60° 219—220 CyHyN,0, 72-0 6-0 3-9 71-9 5-3 4-1 
5 68 188—189 CogHyeN O14 70-3 4-45 12-0 70-5 4-4 11-7 


* Prepared at room temperature. 


Attempts to perform -phenylazobenzoylations at 0° resulted in partial esterification. 
Thus, for example, a solution of 2,4-O-benzylidene-p-glucitol (1-1 g.) and p-phenylazobenzoyl 
chloride (4-2 g., 4-4 mols.) in pyridine was stored at 0° for 2 days and then worked up as described 
above. The product was partly soluble in benzene. The insoluble portion, which appeared to 
be homogeneous on chromatography on alumina and required chloroform for elution, was 
recrystallized from pyridine-ethanol, yielding a 2,4-O-benzylidenedi-O-p-phenylazobenzoyl-p- 
glucitol (0-4 g., 14-3%), m. p. 249—-250° (Found: C, 68-6; H, 5-3; N, 8-2. C,,H,,N,O, requires 
C, 68-2; H, 5-0; N, 8-2%). 

The benzene-soluble product was fractionated on alumina. Elution with benzene gave 
2,4-O-benzylidene-1,3,5,6-tetra-O-p-phenylazobenzoyl-p-glucitol (0-54 g., 12-0%), m. p. 191— 
192-5° (from pyridine-ethanol). Subsequent elution with ether—benzene (1:4 v/v) and 
fractional crystallization of the product from benzene-light petroleum gave, as the less soluble 
fraction, a 2,4-O-benzylidenetri-O-p-phenylazobenzoyl-pv-glucitol (0-5 g., 13-7%), m. p. 252—254° 
after recrystallization (Found: C, 69-6; H, 4-7; N, 9-7. C,;,H,.N,O, requires C, 69-8; H, 4-7; 
N, 94%), and as the more soluble fraction and after further chromatography on alumina a 
second tri-O-p-phenylazobenzoate (1-5 g., 41:1%), m. p. 210—213° (Found: C, 69-9; H, 4-85; 








aww aA ee ee ae 


rm ky eS Le A) 


~~ OB am ee 








[1961] Aspects of Stereochemisiry. Part VII. 3639 


N, 92%). The infrared spectra (Nujol mulls) of the two tri-O-p-phenylazobenzoates differed 
particularly in the region 700—1100 cm.-4, indicating that they are probably positional isomers. 
Evidence was obtained for the presence of a mono-O-p-phenylazobenzoate in the reaction 
mixture. 

Fractionation of Mixtures of p-Phenylazobenzoates.—(a) A solution of hexa-O-p-phenylazo- 
benzoyl-p-glucitol (A; 50 mg.), 2,4-O-benzylidene-1,3,5,6-tetra-O-p-phenylazobenzoyl-p- 
glucitol (B; 50 mg.) and 1,3:2,4-di-O-benzylidene-5,6-di-O-p-phenylazobenzoyl-p-glucitol (C; 
50 mg.) in benzene was introduced on to alumina held in a tapered column (4 x 0°75 in.; 
Scientific Glass Co., New Jersey). The column was washed in the dark with benzene, yielding 
two zones. Extrusion of the column and extraction of the upper zone gave, after recrystalliz- 
ation, material A (63-8%), m. p. 157—-158°. The extracted lower zone on further chrom- 
atography on alumina by development initially with benzene—ether (99 : 1 v/v) and subsequently 
with light petroleum (b. p. 60—80°) gave an upper zone from which material B (63% after 
recrystallization), m. p. 189—190°, was recovered and a lower zone which afforded material C 
(60%, after recrystallization), m. p. 262—264°. 

(0) A solution of 1,3:2,4:5,6-tri-O-benzylidene-p-glucitol (0-125 g.) in dioxan (11-25 ml.) and 
0-5N-hydrochloric acid (1-25 ml.) was kept at 50° for 1-5 hr. Aqueous ammonia (d 0-88; 0-5 ml.) 
was then added, the solution was evaporated, and the residue was dried at 120° for 2 hr. and 
extracted with dry pyridine (ca. 40 ml.). The extract was evaporated and the residue esterified 
with pyridine (25 ml.) and p-phenylazobenzoy] chloride (0-75 g.). The product was fractionated 
on alumina as in (a), yielding A 43-8%, B 13-5%, and C 121%. 

If the graded hydrolysis was continued for only 30 min. the proportions of products were: 
A 6-2%, B 21-:3%, and C 47-4%. 

Aqueous dimethyl sulphoxide and aqueous tetrahydrofuran were also suitable solvents for 
graded hydrolysis. It was important to use purified dioxan !” in order to avoid contamination 
of the products with the mono- and di-O-p-phenylazobenzoates of ethane-1,2-diol. Complete 
removal of ammonium chloride and the excess of ammonia was also necessary in order to 
prevent subsequent formation of p-phenylazobenzamide 18 (m. p. 225—-226°) and p-phenylazo- 
benzonitrile }® (m. p. 119—120°). 

p-Phenylazobenzoates of Ethane-1,2-diol.—A mixture of p-phenylazobenzoyl chloride (0-243 
g.), ethane-1,2-diol (62 mg.), and pyridine (5 ml.) was heated at 100° for 12 hr. The product, 
isolated by the usual procedure, was fractionated on alumina. Elution with benzene-ether 
(24: 1'v/v) gave 1,2-di-p-phenylazobenzoyloxyethane # (0-125 g.), m. p. 216—217° (from 
benzene-light petroleum); subsequent elution with ethanol gave 2-hydroxyethyl p-phenylazo- 
benzoate (0-025 g.), m. p. 131—132° (from benzene-light petroleum or aqueous ethanol) (Found: 
C, 66-6; H, 5-1; N, 10-2. C,,H,,N,O, requires C, 66-7; H, 5-2; N, 10-4%). 

Graded Acidic Hydrolysis of Derivatives of D-glycero-p-gluco-Heptitol.—(a) 0-05n-Hydro- 
chloric acid (0-375 ml.) was added to a boiling solution of tri-O-benzylidene-p-glycero-pD-gluco- 
heptitol (0-125 g.) in dioxan (12-5 ml.) and boiling was continued for 30 min. The solution was 
neutralized with concentrated aqueous ammonia and evaporated to dryness, and the residue 
was extracted with boiling water, leaving unchanged starting material (19-8 mg., 15-8%), m. p. 
267—271°. The aqueous extract was evaporated and the residue was esterified with pyridine 
(25 ml.) and p-phenylazobenzoyl chloride (0-7 g.). Chromatography on alumina of the mixed 
product isolated by the usual procedure revealed several components, none of them crystalline. 
No suitable solvent system could be found for paper chromatography of the p-phenylazo- 
benzoates. 

(b) Tri-O-benzylidene-O-p-phenylazobenzoyl-D-glycero-D-gluco-heptitol (95-8 mg.) in dioxan 
(10 ml.) and 0-1N-sulphuric acid (1 ml.) was boiled under reflux for 1 hr., then cooled and poured 
into ice-water. The mixture was extracted with chloroform and the. combined and dried 
(MgSO,) extracts were evaporated. The residue was chromatographed on alumina. Elution 
with benzene gave unchanged starting material (19-4 mg., 20-2%), m. p. 200—205°. Subsequent 
elution with ether yielded a di-O-benzylidene-O-p-phenylazobenzoyl-p-glycero-D-gluco-heptitol 
(13-3 mg., 15-9%), m. p. 226—227° (from aqueous methanol) (Found: C, 68-8; H, 5-7; N, 4-8. 
C,,H3,N,O0, requires C, 68-5; H, 5-4; N, 4:7%). Further coloured components were eluted 
with methanol and aqueous methanol, but none was obtained crystalline. 

17 Vogel, ‘‘ Textbook of Practical Organic Chemistry,”” Longmans, Green & Co., London, 1956, p. 177. 


18 Jacobson and Steinbrenk, Annalen, 1898, 308, 385. 
19 Freundler, Compt. rend., 1906, 142, 1153. 
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(c) A solution of tri-O-benzylidene-p-glycero-p-gluco-heptitol (50 mg.) in boiling dioxan 
(5 ml.) was treated with 0-05n-sulphuric acid (0-15 ml.).. At intervals of 10 min. during 110 min. 
samples were withdrawn, neutralized with concentrated aqueous ammonia, and analyzed 
by paper chromatography. Sodium metaperiodate-starch iodide ?° and 2,4-dinitrophenyl- 
hydrazine-sulphuric acid were used for detection. The accumulation of D-glycero-p-gluco- 
heptitol (Rp 0-10) and disappearance of the di-O-benzylidene derivative (Rp 0-90) was clearly 
revealed; in addition, components with Ry» 0-15, 0-70, and 0-90 severally were seen. Detection 
with silver nitrate 1 revealed other components. 

Tri-O-benzylidene-p-glycero-D-gluco-heptitol (1-5 g.) was hydrolyzed as above for 1 hr. and 
the neutralized solution was evaporated. Extraction of the residue with boiling water left 
unchanged starting material (27-4 mg., 1-8%), m. p. 240——-250°. The aqueous solution was 
extracted with ether (50 ml.) to remove benzoic acid and benzaldehyde, and then examined by 
paper chromatography. Products with Rp 0-10, 0-29, 0-35, 0-40, 0-68, 0-70, 0-75, and 0-9 
severally were detected with silver nitrate.‘4* The last three compounds were also detected 
with 2,4-dinitrophenylhydrazine. Exhaustive extraction of the aqueous solution with ether 
removed the component of Rp 0-9 and partially removed those with Ry 0-10, 0-70, and 0-75. 
The product from an unextracted aqueous solution was dissolved in the chromatographic 
organic phase (10 ml.), and storage of this solution gave crystals (200 mg.), m. p. 130—132°, 
which comprised mainly D-glycero-p-gluco-heptitol. The mother-liquor was fractionated 
(25 ml. fractions) on a column of cellulose powder (48 x 4cm.): 

Fractions 1—12 yielded a syrup (12-5 mg.) containing a product with Rp 0-90. 

Fractions 13—18 gave a product (75-4 mg.) which contained components of Ry 0-55, 0-70, 
0-75, 0-90. Fractional crystallization from methanol gave a compound (8-0 mg.), m. p. 209— 
210°, Ry 0-9 (Found: C, 66-05; H, 7-0. Calc. for C,,H,,0,: C, 65-0; H, 6-2%), which was 
probably an impure di-O-benzylidene-D-glycero-p-gluco-heptitol. 

Fractions 19—20 afforded a syrup (44-7 mg.) which contained components with Ry 0-55, 
0-70, and 0-75. <A solution of the syrup in water (5 ml.) containing sodium metaperiodate 
(0-3 g.) and sodium hydrogen carbonate (0-1 g.) was stored overnight at room temperature and 
then extracted with chloroform. The extract was evaporated and the residue was treated 
with ~n-hydrochloric acid at 100° for 15 min. The residue obtained by evaporation of the 
neutralized hydrolysate was subjected to paper chromatography and paper ionophoresis #4 
in a borate buffer (pH 10) which revealed (aniline hydrogen phthalate) a pentose with mobility 
(Rg 1-49, Mg 0-96) identical with that of D-xylose and different from that of D-ribose (Rg 1-74, 
Mg 0-80). 

Fractions 21—34 yielded a syrup (0-209 g.) which contained components with Rp 0-16, 0-19, 
0-29, 0-34, 0-42, 0-55, and 0-70. 

Fractions 35—44 gave p-glycero-D-gluco-heptitol (ca. 50 mg.), Ry 0-1. 

When p-glycero-p-gluco-heptitol was treated with dioxan—hydrochloric acid, as for the tri-O- 
benzylidene derivative, traces of compounds with Ry 0-16, 0-19, and 0-30 were formed. No 
products resulted from similar treatment of p-glucitol. 


The authors thank Professor M. Stacey, F.R.S., for his interest. 
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20 Metzenberg and Mitchell, J. Amer. Chem. Soc., 1954, 76, 3187. 
21 Foster, Chem. and Ind., 1952, 1050; J., 1953, 982. 
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709. <Aza-steroids. Part II.* 3-Aza- and 4-Aza-a-homo-5a- and 
-58-androstane, and the Structure of Neosaman. 
By C. W. SHOPPEE and G. KRUEGER. 

3-Aza- and 4-aza-a-homo-5z-androstane (IX, VIII) have been prepared 
by various routes from 4,5«-dihydrotestosterone and 5«-androstan-3-one. 
Similarly, 3-aza- and 4-aza-a-homo-5$-androstane (XVI, XV) have been 
obtained from 4,58-dihydrotestosterone or 5-androstane-3-one. From 
androst-4-en-3-one there was obtained 3-aza-a-homoandrost-4a-en-4-one, 
which by hydrogenation gave 3-aza-A-homo-5a- and -5$-androstan-4-one, 
confirming the structures assigned to the four isomeric aza-steroids, and 
their precursor ¢-lactams. 

None of the four aza-steroids (VIII, IX, XIV, XVI) is identical with the 
aza-A-homoandrostane from cycloneosamandione, isolated by Schépf from 
the venom of the fire salamander, Salamandra maculosa Laur. 


In Part I * the preparation and proofs of structure of 3-aza-A-homo-5«- and -5$-cholestane 
were described, and a partial bibliography of recent work on aza-steroids was given. To 
the latter should be added studies on 16-oxo-17-aza- and 17-oxo-16-aza-p-homo-5a- 
cholestan-38-yl benzoate by Tsuda and Hayatsu,! 11,17a-dioxo-17b-aza-D-bishomo-5a- 
androstan-38-yl acetate by Barton, Campos-Neves, and Scott,? 2-oxo-3-aza- and 3-oxo-2- 
aza-58-cholanic esters and 24-hydroxy-7a-aza-B-homo-5$-cholan-7-one by Hara,® 12-oxo- 
12a-aza-c-homo-5a,22a-spirostan-38-yl acetate and 12,20-dioxo-12a-aza-c-homo-5a-pregn- 
16-en-38-yl acetate by Mazur,’ and 6-aza-5«-cholestan-7-one by Jacobs and Brownfield.5 
We now deal with the 3-aza- and 4-aza-derivatives of A-homo-5«- and -5$-androstane. 

We have used the Beckmann rearrangement of appropriate steroid ketoximes to furnish 
e-lactams in which the steroid ring A is rendered seven-membered. The oximes of the 
saturated steroid ketones were crystalline compounds of relatively sharp m. p. and appeared 
to be homogeneous (cf. ref. 1); nevertheless syn- and anti-isomers must have been present, 
or must have been produced under the reaction conditions, since mixtures of isomeric 
e-lactams were formed in every case. The oxime of the only «$-unsaturated ketone used, 
androst-4-en-3-one, could not be obtained crystalline, but by contrast gave a single A*-e- 
lactam. The Beckmann rearrangement of ketoximes, under the influence of thiony] 
RI-C-R? = R'-C-R? R-C-R? +C—R? Cl-OS*O-C-R? HO-C-R? 

| | — a | 


(A) — > | | | —e 
N:OH N-O-SO°Cl Nt RI-—N RI-N RI—N 


chloride (or phosphorus pentachloride) has been regarded as proceeding by mechanism (A) ; 
this involves hydroxy] ions in the last stage,® and it has been shown ” by use of isotopically 
labelled water for decomposition of the product from benzophenone and phosphorus 
pentachloride that there is complete loss of the original oxime-oxygen. Recently, however, 
another mechanism (B) has been invoked § whereby rearrangement occurs in the complete 


Ri Ri RL 
(B) (RIR°C=N+),0 —» | —> | | — > 
CR*=NH—O-—N=CR,R, N=CR2-O—N=CR, 
(RIN=CR**),O0 ——p> R'IN=CCIR? + RINH*CO:R? 
* Part I, J., 1958, 3458. 
1 Tsuda and Hyatsu, J. Amer. Chem. Soc., 1956, 78, 4107; Heard, Ryan, and Bolker, J. Org. Chem., 
1959, 24, 172. 
Barton, Campos-Neves, and Scott, J., 1957, 2698. 
Hara, Yakagaku Zasshi, 1958, 78, 1027, 1030. 
Mazur, |. Amer. Chem. Soc., 1959, 81, 1454; 1960, 82, 3992. 
Jacobs and Brownfield, J]. Amer. Chem. Soc., 1960, 82, 4033. 
Lampert and Bordwell, J. Amer. Chem. Soc., 1951, 78, 2369. 
Brodskii and Miklukhin, Compt. rend. Acad. Sci. U.S.S.R., 1941, 82, 558; Acta Physiochim. 
U.S.S.R., 1942, 16, 63. 
8 Stephen and Staskun, J., 1956, 980. 
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absence of water, so that this mechanism requires there to be complete retention of the 
original oxime oxygen. Some of our rearrangements were carried out under anhydrous 
conditions. 

We have employed brief treatment of steroid ketoximes with an excess of thionyl 
chloride at —20°, followed in the case of saturated ketoximes by decomposition with 
water to yield the e-lactams, and in the case of «8-unsaturated ketoximes by decomposition 
with 4N-potassium hydroxide at 80—100°; for the oxime of A-norcholest-5-en-3-one (to 
appear in a future communication) treatment with thionyl chloride at —20° followed by 
use of ice-cold potassium hydroxide led to complete recovery of the unchanged oxime. 
Prolonged treatment of steroid ketoximes with an excess of thionyl chloride, even at —20° 
and in presence of pentane or ether as diluent, leads to formation of non-crystalline by- 
products; we have found reaction times of 1—3 minutes satisfactory, except in the case 
of the oxime of androst-4-en-3-one, where a single treatment gave only 4% of lactam 
(increased to 25% by four-fold repetition and to 35% by further four-fold recycling of 
the product). 

Beckmann rearrangement of the oxime of 4,5«-dihydrotestosterone ® (IV; R = OH) 
as the oxime by thionyl chloride at —30° gave a moderate yield of the 178-hydroxy-e- 
lactams (V, VI; R= OH). Separation of the isomerides by fractional crystallisation 
was found to be extremely difficult, and the mixed isomerides were converted by oxidation 
with chromium trioxide in pyridine to the 17-oxo-e-lactams (V, VI; R = :O), which were 
partially separated by fractional crystallisation. Alternatively, and preferably, the oxime 
of 4,5a-dihydrotestosterone acetate (IV; R = OAc), by Beckmann rearrangement, gave 
a nearly quantitative yield of 17$-acetoxy-e-lactams (V, VI; R= OAc) which with- 
out separation were hydrolysed by alcoholic potassium hydroxide to the mixed 178-hydroxy- 
e-lactams (V, VI; R = OH) and then oxidised with chromium trioxide in pyridine to 
the mixed 17-oxo-e-lactams (V, VI; R= :O). Separation of these 17-oxo-lactams by 
fractional crystallisation appeared somewhat readier than that of the 176-hydroxy-lactams 
(V, VI; R= OH) on account of their greater solubility and lower m. p., but was not 
pursued in order to conserve time and material. The mixture of the isomerides (V, VI; 
R = ‘O) was reduced with hydrazine and sodium hydroxide in diethylene glycol at ~200° 
to a product containing 3-oxo-4-aza- (V; R = H) and 4-oxo-3-aza-A-homo-5a-androstane 
(VI; R=H); slow sublimation at 170°/0-001 mm. furnished a molecular compound, 
m. p. 263—264°, of these substances. This resisted separation by fractional crystallisation 
and by chromatography, and gave an infrared absorption spectrum different from the 
spectra of the individual e-lactams (V and VI; R = H) (see below); attempted separation 
was complicated by the presence of an unidentified compound, m. p. >315°, possibly a 
hydrazide arising from cleavage of ring A or less probably a mixture of the 178-hydroxy-e- 
lactams (V, VI; R = OH) formed by partial reduction of the 17-carbonyl group in the 
Wolff-Kishner reaction. Formation of this by-product was largely avoided, and the 
yield of e-lactams improved to 43%, by prior conversion of the mixture of isomeric 17-oxo- 
lactams (V, VI; R = :O) into the mixed hydrazones and Wolff—Kishner reduction with 
potassium ethoxide at 180—215°; fractional crystallisation then furnished 3-oxo-4-aza- 
A-homo-5a-androstane (V; R =H), m. p. 303°, and the molecular compound (V + VI; 
R = H), m. p. 263—264°. 

Subsequently, the following simpler route was found. 38-Hydroxyandrost-5-en-17-one 
(I) was hydrogenated ? and then reduced (Wolff-Kishner) to 5«-androstan-38-ol," which 
was oxidised by chromium trioxide in acetic acid at 20° to 5a-androstan-3-one (IV; R = H), 





® Butenandt, Tscherning, and Hanisch, Ber., 1935, 68, 2097; Ruzicka and Goldberg, Helv. Chim. 
Acta, 1936, 19, 99; Butenandt, Tscherning, and Dannenberg, Z. physiol. Chem., 1937, 248, 205; Ruzicka, 
Goldberg, and Grob, Helv. Chim. Acta, 1941, 24, 1151. 

10 Reichstein and Lardon, Helv. Chim. Acta, 1941, 24, 955; Wenner and Reichstein, ibid., 1944, 27, 
44. 

11 Heard and McKay, J. Biol. Chem., 1945, 165, 677, 681; Norymberski, Norymberska, and Olalde, 
J. Amer. Chem. Soc., 1948, '70, 1256. 
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accompanied by 2,3-seco-5«-androstane-2,3-dioic acid.* The oxime of 5a-androstan-3-one 
(IV; R = H) underwent Beckmann rearrangement nearly quantitatively; careful chroma- 
tography followed by extensive fractional crystallisation of the product gave 4-aza-a- 
homo-5a-androstan-3-one (V; R = H), m. p. 303°, and the molecular compound (V + VI; 
R = H), m. p. 263—264° [overall yield (I—» V + VI; R = H), 16—17%]. 
3-Aza-A-homo-5a-androstan-4-one (VI; R-=H) was obtained as follows. The 
ketone (I) was reduced (Wolff-Kishner) to androst-5-en-36-ol,4 which by Oppenauer 
oxidation with aluminium isopropoxide in cyclohexanone in the absence of solvent !2 
gave a good yield of androst-4-en-3-one #8 (II). The non-crystalline oxime of this «- 
unsaturated ketone, on Beckmann rearrangement, gave a single e-lactam (III), existing 
in two polymorphic forms with the same ultraviolet absorption spectrum [Amax, 222 my 
(log « 4-15) (cf. ref. 4)] and showing infrared absorption spectra different in the solid state 
but identical in solution. Hydrogenation of either polymorph (III) over palladium- 
calcium carbonate in ethanol gave 3-aza-A-homo-5a-androstan-4-one (VI; R = H), m. p. 
295°; a small quantity of the epimeric 58-compound (XII), m. p. 245° (see below), was 
also isolated and the proportion of it was greater on hydrogenation with platinum in acetic 
acid. An~1:2 synthetic mixture of the lactams (V; R=H), m. p. 303°, and (VI; 





H , : 
(VII) (VIL) (1X) 


K = H), m. p. 295°, furnished the molecular compound, m. p. 263—264°, whose infrared 
spectrum was identical with that of the product obtained by Beckmann rearrangement 
of the crystalline oxime of 5«-androstan-3-one (IV; R = H). 

The structure of the e-lactam, m. p. 303°, as 4-aza-A-homo-5«-androstan-3-one (V; 
R = H) was established by hydrolysis with hydrochloric acid to the related amino-acid 


* The anhydride of this acid, on treatment with ammonia in ether, gave a product, which appeared 
to contain both the possible monoamides; the mixture sublimed unchanged, failing to give the expected 
imide. Attempted reduction with lithium aluminium hydride in ethyl acetate gave a non-basic, 
non-crystalline product. 


12-U.S.P. 2,379,832; ‘‘ Organic Reactions,” Wiley and Sons, Inc., New York, Vol. VI, p. 232, 
footnote 159. 
13 Romo, Bol. Inst. Quim. Univ. nac. auton. México, 1952, 4, 91. 
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hydrochloride, and deamination of this with dinitrogen trioxide in a two-phase ether- 
water system to the known e-lactone (VII), m. p. 185°, {«J],, —38°, obtained from 5a- 
androstan-3-one (IV; R = H) by oxidation with perbenzoic acid. The structure of the 
lactam, m. p. 295°, as 3-aza-A-homo-5a-androstan-4-one (VI; R = H) follows by exclusion 
and is supported by conversion by deamination of the derived amino-acid into the corre- 
sponding ¢-lactone and reduction of this with lithium aluminium hydride to the crystalline 
2,3-seco-5«-androstane-2,3-diol, also obtained from 2,3-seco-5«-androstane-2,3-dioic acid 1 
by treatment with lithium aluminium hydride. 

Reduction of the e-lactams (V, VI; R = H) with lithium aluminium hydride in ether 
at 20°, and treatment of the reaction mixture with water [but not ethyl acetate (see below)] 
gave, respectively, 4-aza- (VIII) and 3-aza-A-homo-5«-androstane (IX), characterised as 
the N-acetyl derivatives, nitroso-compounds and hydrochlorides. 

For the preparation of 3-aza- and 4-aza-derivatives of A-homo-58-androstane, we first 
attempted to obtain 58-androstan-3-one (XIII) from testosterone. Hydrogenation of 
testosterone with 2% palladium-—calcium carbonate in methanol has been reported ® to 
give 7% of 4,5a- (IV; R= OH) and 25% of 4,58-dihydrotestosterone (X; R= OH); 
repetition with a 10% palladium-—calcium carbonate catalyst gave a crude reduction product, 
m. p. 80—85°, from which the 4,58-dihydro-ketone was only isolated by extensive frac- 
tional recrystallisation. It has been shown © that for some A*-3-ketones of the pregnane 
series hydrogenation in presence of potassium hydroxide favours formation of 58-pregnan-3- 
ones; we have found that hydrogenation of testosterone with 10° palladium—calcium 
carbonate in ethanol in presence of potassium hydroxide gives a crude product, m. p. 
122—129°, but extensive fractional crystallisation is required to obtain ~30% of 4,58- 
dihydrotestosterone, m. p. 135—140°. A great improvement is effected, however, if 
testosterone and the reduced catalysts are shaken for 10—15 min. with 0-2Nn-ethanolic 
potassium hydroxide in air and then hydrogenated in the usual way; * this procedure 
affords 80% of a product, m. p. 132—135°, giving on a single recrystallisation pure 4,58- 
dihydrotestosterone, m. p. 137—140°. Pyrolysis of the 178-benzoate (X; R= OBz) 
proved unsatisfactory (compare the observations of Prelog, Ruzicka, et al.14 on the epimeric 
17a-benzoate) for preparation of the A’*-derivative; the oxime of the 17$-benzoate (X; 
R = OBz) was therefore subjected to Beckmann rearrangement with thionyl chloride at 
—20°; it gave a good yield of a mixture of the 178-benzoyloxy-e-lactams (XI, XII; 
R = OBz); attempted elimination of the 176-benzoyloxy-group by pyrolysis was again 
unsatisfactory, and the mixed benzoates were hydrolysed with alcoholic potassium 
hydroxide; this gave a difficulty separable mixture of the 176-hydroxy-e-lactams (XI, 
XII; R = OH), oxidised by chromium trioxide in pyridine to a mixture of the 17-oxo-<- 
lactams (XI, XII; R= <0). To avoid losses, the mixture of 17-oxo-e-lactams was not 





H r 
(XI) (X11) 


separated but was reduced by the Wolff—Kishner technique; the product was treated 
with dry hydrogen chloride in ether, sublimed, and fractionally recrystallised, affording 


* A possible explanation is suggested by the general theory developed by Brewster !* for hydrogen- 
ation of ketones in presence of metals. 


M Prelog, Ruzicka, Meister, and Wieland, Helv. Chim. Acta, 1945, 28, 618; Ruzicka, Prelog, and 
Meister, ibid., p. 1651. 

15 Mancera, Ringold, Djerassi, Rosenkranz, and Sondheimer, J. Amer. Chem. Soc., 1953, 75, 1286. 

16 Brewster, J]. Amer. Chem. Soc., 1954, 76, 6361. 
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~~ 4-aza-A-homo-5$-androstan-3-one (XI; R=H), m. p. 206°, and 3-aza-A-homo-5g- 

a- 1 androstan-4-one (XII; R = H), m. p. 245°. 

1e Subsequently, the following alternative route was found. 3$-Hydroxyandrost-5-en- 

yn 17-one (I) was converted as previously into androst-4-en-3-one (II), and this was hydro- 

.. genated over palladium-barium carbonate in ethanol, after pretreatment with air in the 

ne presence of potassium hydroxide, mainly to 5$-androstan-3-one (XIII). The non- 

14 crystalline oxime of this ketone, on Beckmann rearrangement, gave a nearly quantitative 
yield of e-lactams, separated by fractional crystallisation into 4-aza-A-homo-58-androstan- 

er 3-one (XI), m. p. 206°, and 3-aza-A-homo-58-androstan-4-one (XII), m. p. 245°. An 

)] attempt to hydrolyse the e-lactam (XI) to the related amino-acid sulphate and to deaminate 

as this with dinitrogen trioxide in ether failed to give 4-hydroxy-3,4-seco-58-androstan-3-oic 
acid lactone, m. p. 142°, [a],, +33° [previously obtained from 5$-androstan-3-one (XIII) 

st by oxidation with perbenzoic acid]; it yielded a non-crystalline unsaturated acid, 

of possibly 3,4-secoandrost-4-en-3-oic acid. The lactam (XII), on hydrolysis and deamin- 

to ation, gave in good yield the new 2-hydroxy-2,3-seco-5$-androstan-3-oic acid lactone 

(); (XIV), m. p. 154°. The structure of the lactam (XII), and of the derived lactone (XIV), 

ct, follows from its formation as the minor product of catalytic hydrogenation of 3-aza-a- 

c- homoandrost-4a-en-4-one (III). The structure of the isomeric lactam (XI) follows by 

ne exclusion. 

3. Reduction of the e-lactams (XI, XII) with lithium aluminium hydride in ether at 20° 

m and treatment of the reaction mixture with water (but not with ethyl acetate) gave, 

p. respectively, 4-aza- (XV) and 3-aza-A-homo-58-androstane (XVI), characterised as the 

58- N-acetyl derivatives, nitroso-compounds, and hydrochlorides. 

if 

slic 

ire 

>B- 

32) 

- (XII) 

at 

II; 

ain 

um H 

XI, 

7 HN 

aot (XV) (XVI) (XIV) 


The four isomeric aza-A-homoandrostanes are strong bases, rapidly absorbing carbon 
dioxide, and difficult to recrystallise; they are best purified by distillation in a high vacuum. 
All four show infrared absorption bands in the NH region at ~3400 cm.; compounds 
(VIII) and (XV) exhibit two peaks in this region, but compounds (IX) and (XVI) give 
only a single peak. The properties of the four isomeric e-lactams (which were considered 
pure only when the m. p. was unchanged on recrystallisation and the material obtained 
by evaporation of the mother-liquor also had the same m. p.), the foyr aza-A-homoandro- 
stanes, and their derivatives are summarised in the Table which also contains data for 
ted neosaman.!7 


jing e-Lactam, Aza-steroid, Acetyl deriv., Nitroso-cpd., 
Series m. p. m. p. m. p. m. p. 
gen- SUE hadssddbnedecnsssuaceen (VI) 295° (IX) 72—73° 113—115° 109—112° 
II. - sndciuavidoananendoniecs (V) 303 (VIII) 62—63 136—138/168 136—138 
SIIEEE® ' ‘cautecsdcaraeiscetesees (XII) 245 (XVI) 52—56 74—76 94—96 
and CED. axdadnviadedeoarinecexe (XI) 205 (XV) 84—85 72—74 106/130 
+6 Cycloneosamandione (XIX)... ~ (XX) 105—106 58—59 — 





17 Schdpf and Miiller, Annalen, 1960, 688, 127. 
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Samandarin, C,,H,,0,N, the related ketone samandarone, C,,H,g0,N, and cyclo- 
neosamandione, C,H ,0,N, are steroid alkaloids isolated by Schépf and Miiller 1” from 
the parotoid and skin glands of the fire salamander, Salamandra maculosa Laur. When 
samandarin is converted into its dihydro-product samandiol, and this is dehydrogenated 
by selenium, this gives a mixture of 5,6-dialkyl-1,2-cyclopentenonaphthalenes. The 
structure 1,4-epoxy-3-aza-A-homo-5£-androstan-16-ol (XVII) has been proposed for 





'@) 
14 
HN f H HN H 
Ae™ a 
H Ho 
OH (XVIII) (XIX) (XX) 


samandarin on the basis of X-ray crystallographic analysis of samandarin hydrobromide 
and hydriodide; samandarone has the analogous 16-oxo-structure. Whilst samandarin 
(XVII) and samandarone are secondary bases containing an oxazolidine ring and are 
masked aldehyde ammonias, cycloneosamandione is a tertiary base containing no 
oxazolidine ring, and is a ketone ammonia (XVIII) which can react in a tautomeric 
“open” form neosamandione (XIX). Wolff—Kishner reduction of cycloneosamandione 
(XVIII == XIX) gives the 3-aza-a-homo-5é-androstane, neosaman (XX). 

From the Table it is clear that neosaman is isomeric with our synthetic aza-steroids 
(VIII, IX, XV, XVI); the infrared absorption spectrum of neosaman hydrochloride 
(prepared from 3 mg. of neosaman kindly supplied by Professor C. Schépf) is similar to, 
but not identical with, those of the hydrochlorides of our aza-steroids. A probable source 
of difference is the 148-configuration in neosaman (XX). 

When the three isomeric e-lactams (VI, XI, XII) were reduced with lithium aluminium 
hydride in ether at 20°, and the excess of the reagent was decomposed by addition of ethyl 
acetate,!8 three new bases were obtained, giving water-insoluble hydrochlorides but showing 
no NH bond in their infrared absorption spectra and incapable of acetylation. Although 
reduction of l-azacycloheptan-2-one with lithium aluminium hydride gives an almost 
quantitative yield of azacycloheptane (hexamethyleneimine),! according to Gaylord 
carbinolamines appear to be intermediates in the process: *NH*CO-—» NH‘CH,:; 
thus 2-piperidone affords, in addition to piperidine, 4° of the carbinolamine in the tauto- 
meric form of 8-aminovaleraldehyde.*4 It also appears that, according to stereoelectronic 
circumstances, carbinolamines may undergo elimination (b,c) rather than further reduction 
(a).2° Compounds of type (b) are excluded by their character as secondary bases; and 
cyclic Schiff’s bases of type (c) would be expected to be reduced by lithium aluminium 
hydride to saturated secondary bases of type (a) 2? whereas our tertiary bases resist such 
reduction and also hydrogenation over platinum oxide in ethanol. 

The addition of ethyl acetate to a mixture of a secondary amine and lithium aluminium 
hydride has recently been shown * to result in alkylation of the amine; formulation of 
the new tertiary bases as the N-ethyl derivatives of the three aza-A-homoandrostanes (IX, 
XV, XVI) is confirmed by reduction of the N-acetyl derivative of the aza-steroid (XVI) 
with lithium aluminium hydride to 3-ethyl-3-aza-a-homo-58-androstane (as XVI), identical 

18 Brown, ‘‘ Organic Reactions,’’ Wiley and Sons, Inc., New York, 1951, Vol. VI, p. 488; Barnes, 
Chem. Eng. News, 1954, 32, 2424. 

18 Ruzicka, Kobelt, Hafliger, and Prelog, Helv. Chim. Acta, 1949, 32, 544. 


20 Gaylord, ‘‘ Reduction with Complex Metal Hydrides,” Interscience Publ. Inc., New York, 1956, 
pp. 600, 619. 


21 Galinovsky, Wagner, and Weiser, Monatsh., 1951, 82, 551. 
*2 Gaylord, ref. 20, p. 796. 
*3 Wright, /. Org. Chem., 1960, 25, 1033. 
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with the product of reduction of the ¢e-lactam (XII) by lithium aluminium hydride and 
ethyl acetate. 


[CH,-CH,-NH]. . . . . (a) 
[CH,-CO—NH] —3 [CH,—-CH(OH)—NH] —w [CH=CH-NH]  . . . . . (b) 
[CH-CH=N] ..... ( 


[CH,CHO NH, 


Y 


[CHy*CHy*OH =~ NH,] 


EXPERIMENTAL 


For general experimental directions see J., 1959, 345. Thionyl chloride was purified by 
successive distillation from quinoline and linseed oil. M. ps were determined on a Kofler 
block; [a], are for CHCl, solutions (c ~1-0). Ultraviolet absorption spectra were measured 
for EtOH solutions by a Hilger Uvispek or a Perkin-Elmer Spectrochord; infrared absorption 
spectra were measured for Nujol suspensions by an Infrachord and for CCl, solutions by a 
Perkin-Elmer model 21 spectrophotometer. 

Oxime of 178-Hydroxy-5a-androstan-3-one (IV; R = OH).—The hydroxy-ketone (m. p. 
178°; 945 mg.) was refluxed with hydroxylamine hydrochloride (3-45 g.) and sodium acetate 
trihydrate (4-4 g.) in 90° methanol for 2-5 hr.; hot water (50 ml.) was added, and the mixture 
refluxed for 5 min. and allowed to cool. Filtration, washing with water, and drying gave the 
oxime (895 mg.), m. p. 205—210°; recrystallisation from methanol yielded plates, m. p. 210° 
(lit.,® 209°). 

3-Ox0-58-androstan-l7a-yl Acetate (IV; R = OAc).—The hydroxy-ketone (3 g.), acetic 
anhydride (3 ml.), and pyridine (15 ml.) were left at 23° for 16 hr., then diluted with water 
(150 ml.), and shaken for 15 min. The precipitate was collected, washed with 2n-hydrochloric 
acid and with water, dried, and recrystallised from methanol, to give the acetoxy-ketone (3 g.), 
m. p. 155—157° (lit.,° 157°). The oxime (2-8 g.), prepared as described above, had m. p. 195 
197° (lit.,® 197°). 

176-Hydroxy-4-aza-a-homo-5a-androstan-3-one and 178-Hydvoxy-3-aza-a-homo-5a-androstan- 
4-one (V, VI; R= OH).—(a) To 178-hydroxy-5a-androstan-3-one oxime (50 mg.), purified 
thionyl chloride (0-5 ml.; cooled to —20°) was added. After 3 min., the solution was poured 
into an excess of 4N-potassium hydroxide, and the precipitate was filtered off, washed with 
water, and dried; it had m. p. 320—-350° (decomp.) (Found: S, 1:3%) but was contaminated 
with chlorosulphites. The mixed e-lactams were practically insoluble in methanol and in 
chloroform, and sublimed appreciably only above 280°/0-001 mm. to give material of m. p. 

- 340°. Brief hydrolysis with hot ethanolic 2N-potassium hydroxide did not alter these properties. 

(b) To 3-oxo-5a-androstan-17$-yl acetate oxime (2-82 g.) was added, in one portion, purified 
thionyl chloride (25 ml.) at —20°; immediately after dissolution the almost colourless solution 
was added in 5 ml. portions to 4N-potassium hydroxide (230 ml.) at 20°. The suspension was 
neutralised with 2N-hydrochloric acid, and the precipitate was collected, washed with water, 
and dried; the product (2-52 g.) sublimed readily and completely at ~190°/0-001 mm., to yield 
a mixture of 3-oxo-4-aza- (V; R = OAc) and 4-oxo-3-aza-a-homo-5a-androstan-178-yl acetate 
(VI; R = OAc), m. p. 280—290°, as thin hexagonal plates. The mixed 17$-acetoxy-e-lactams 
(9-76 g.) were suspended in boiling 95% ethanol (180 ml.), and a hot solution of potassium 
hydroxide (29-5 g.) in 95% ethanol (90 ml.) wasadded. The solid dissolved, but after ~ 1 min. 
precipitation began; the mixture was refluxed for 2 hr., then left overnight at 10°, and the 
product was filtered off, and washed with water, 2N-hydrochloric acid, and again with water. The 
colourless product (6-15 g.) sublimed at 280°/0-001 mm. to yield a mixture of hydroxy-lactams 
(V and VI; R = OH) as compact square crystals, m. p. >340°, vmax, (in Nujol) 3400s, 3290s, 
3200sh (NH,OH), 1670 and 1625 cm.*! (CO-NH) (Found: C, 74:8; H, 10-4; N, 4-55. Calc. 
for C,gH;,NO,: C, 74-7; H, 10-2; N, 4:55%). Dilution of the mother-liquor gave material 
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(1-2 g.), which commenced to sublime above 200°/0-001 mm. again to give compact square 
crystals, m. p. 310—338°, and was oxidised separately (see below). 

4-A za-A-homo-5a-androstane-3,17-dione and 3-Aza-a-homo-5a-androstane-4,17-dione (V, VI; 
R = :O).—The mixed 178-hydroxy-lactams (V and VI; R = OH; m. p. >340°; 6-15 g.), dry 
powdered chromium trioxide (6-15 g.), and dry pyridine (61-5 ml.) were shaken together at 
23° for 18 hr., and the solution filtered through a column of aluminium oxide (125 g.) prepared 
in pyridine. Elution with pyridine (4 x 100 ml.) gave slightly yellow material (4-218 g.), 
m. p. 255—263°; further elution with pyridine (12 x 100 ml.) gave a second fraction (988 mg.), 
m. p. 325—355° after transformation to compact rectangular prisms at 280—300°, and a third 
fraction (362 mg.), m. p. 325—335° after similar transformation. The first fraction, on re- 
crystallisation from chloroform-ether, gave the mixed 17-oxo-e-lactams (V, VI; R = :O) 
(4-0 g.), m. p. 255—260°; a small portion by sublimation at 190—220°/0-001 mm. gave needles, 
m. p. 258—260°, vmax. (in Nujol) 3405, 3040 (NH), 1735 (5-ring CO), 1665 and 1639sh cm. 
(CO-NH) [Found: C, 74-95; H, 9-9; N,4-7. Calc. for C,gH,,NO,: C, 75-2; H, 9-65; N, 4-6%). 
Fractions 2 and 3 were reoxidised, and the products recrystallised from chloroform—ether to 
yield the mixed 17-oxo-c-lactams (V and VI; R = :O) (338 mg.). 

Material (1-2 g.) from the mother-liquor was oxidised and chromatographed similarly; 
elution with pyridine (6 x 100 ml.) gave a product (1-02 g.), which by recrystallisation from 
chloroform-—ether yielded the mixed 17-oxo-lactams (433 mg.), m. p. 255—260°, and unchanged 
mixed hydroxy-lactams (400 mg.). Reoxidation of the latter gave a further quantity (176 mg.) 
of the mixed oxo-lactams. 

4-A za-a-homo-5a-androstan-3-one and 3-Aza-a-homo-5a-androstan-4-one (V, VI; R = H).— 
(A) (a) The mixed oxo-lactams (V, VI; R = ‘O) (m. p. 258—260°; 4 g.) were heated with 
hydrazine hydrate (16 ml.) and ethanol (120 ml.) in a sealed tube at 100° for 2 hr.; complete 
evaporation at 100° in a vacuum gave the mixed 17-hydrazones, m. p. >300°, Vmax, (in Nujol) 
3335, 3220, 3060 (NH), 1670 and 1625 cm.! (CO-NH), no peak at 1735 cm.7}. 

Potassium (2-9 g.) was dissolved in ethanol (50 ml.; dried with magnesium), the mixed 
hydrazones (3-45 g.) were added, and the mixture was heated with exclusion of moisture. 
At 125° (bath-temperature) effervescence commenced, and after 20 min. the temperature was 
raised to 140°, slow distillation setting in; the temperature was then kept at 155° for 10 min., 
180° for 10 min., and 200—225° for 30 min. A vacuum was gradually created and the mixture 
kept at ~225°/1 mm., for 30 min., during which it solidified. After cooling, ether (50 ml.) 
saturated with dry hydrogen chloride was added, and the mixture shaken with intermittent 
cooling; methanol (150 ml.) was then added and the mixture refluxed for 30 min. to digest 
the precipitate of sodium chloride, cooled, and filtered. The filtrate was concentrated to ~10 
ml. and left at 0°. The product was filtered off and washed with ice-cold methanol (6 x 1 ml.); 
the filtrate was evaporated and the residue treated with 50% aqueous-methanolic 1-5N-sodium 
hydroxide; this gave more crystals. Repeated recrystallisation of the combined products 
from chloroform-ether finally gave colourless material (1-34 g.), subliming at 170°/0-001 mm., 
m. p. 245—280°, and yielding by fractional crystallisation (i) the lactam (V; R = H) as rhombic 
prisms, m. p. 300—303°, giving no depression and an identical infrared absorption (in Nujol) 
with a pure sample, m. p. 303°, prepared from 5a-androstan-3-one oxime (see below), and (ii) 
a molecular compound of the lactams (V + VI; R =H), m. p. 262—263°, mixed m. p. 264°, 
and infrared absorption spectrum (in Nujol) identical with the specimen prepared from 5a- 
androstan-3-one oxime (see below). A quantity of chloroform-insoluble material (346 mg.), 
m. p. 310—322°, was also isolated but not further examined. 

(b) The mixed oxo-lactams (V, VI; R = :O) were reduced with hydrazine hydrate in di- 
ethylene glycol at 200° under nitrogen or in a vacuum. Acidification of the solution with 
dry hydrogen chloride and dilution with water gave only a ~20% yield of an almost colourless 
product; if acidification was omitted, no precipitate was formed on dilution. The product 
consisted mainly of chloroform-insoluble material, m. p. >315°, vmax. (in Nujol) 3450 (NH or 
OH?), 2230, 1670, 1645 (CO-NH), 780, 767, 710 cm.1, showing little tendency to sublime; 
fractional sublimation at 170—180°/0-001 mm. gave some of the molecular compound (V + VI; 
R = H), m. p. and mixed m. p. 263—264°. 

5a-A ndrostan-3-one (IV; R = H).—38-Hydroxy-5a-androstan-17-one (m. p. 175°) (4 g.), 





hydrazine hydrate (13 ml.), and sodium hydroxide (716 g.) in diethylene glycol (130 ml.) were 
heated to 130—140° for 1-5 hr.; the temperature was then slowly raised to 190—200° and 
kept thereat for 4 hr. The cooled mixture was diluted with water (8 vol.), acidified with 
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2n-hydrochloric acid, and extracted with ether (1 vol.). The usual working up gave material 
(3-5 g.), m. p. 143—148°, which on recrystallisation from methanol gave 5a-androstan-36-ol 
(3-2 g.), m. p. 147—148° (lit.,24 147-5—-148°). This alcohol (3 g.) in 92% acetic acid (130 ml.) 
at 5° was treated with chromium trioxide (2-5 g.) in 92% acetic acid at 5°; after 4 days at 5°, 
the mixture was diluted with water (12 vol.), and the product extracted with ether. The usual 
isolation procedure gave 5a-androstan-3-one (2-1 g.), m. p. 96—100° (after washing with a 
little ice-cold pentane) (lit.,44 104—105°); acidification of the alkaline extract gave 2,3-seco- 
5x-androstane-2,3-dioic acid (300 mg.), m. p. 225—-235° (from ether—pentane), raised by repeated 
recrystallisation from acetic acid to 237° (lit.,44 237—-238°). Androstan-38-ol (4-0 g.), m. p. 
149—150°, was also prepared from androst-5-en-38-ol (4:4 g.) by hydrogenation over plat- 
inum oxide in acetic acid. 

The ketone (2-35 g.) in methanol (47 ml.) was refluxed with a solution of hydroxylamine 
hydrochloride (2-35 g.) and sodium acetate trihydrate (3-3 g.) in water (47 ml.) for 4hr.; dilution 
and a single crystallisation of the product from methanol gave the oxime (2-2 g.), m. p. 184— 
188°. For analysis, a sample was recrystallised from methanol and sublimed at 155—165°/1 
mm., then having m. p. 189—-190° (Found: C, 78-8; H, 10-65; N, 4-9. C,,H,,NO requires 
C, 78°85; H, 10-8; N, 4-8%). 

4-A za-Aa-homo-5a-androstan-3-one and 3-Aza-A-homo-5a-androstan-4-one (V, VI; R = H).— 
(B) From 5a-androstan-3-one (I1V; R =H). To the ketoxime (m. p. 184—188°; 250 mg.) was 
added in one portion thionyl chloride (2-5 ml.) at —20°; after dissolution, the colourless 
mixture was poured into ice-cold 4N-sodium hydroxide. The precipitated lactams were 
collected, washed with water, and dried (240 mg.); they melted at 255—262°, some crystals 
disappearing only at 274°. A series of preparations (5-4 g.) was combined and subjected to 
triangular fractional crystallisation from chloroform—ether combined with repeated sublimation 
at ~190°/0-001 mm., yielding rhombic prisms (1-21 g.) of pure 4-aza-a-homo-5a-androstan-3-one 
(V; R =H), m. p. 303°, vinx. (in Nujol) 3150, 3074 (NH), 1675 and 1625 cm.~! (CO-NH), (in 
CCl,) 1680 cm. (almost insoluble in CCl,) (Found: C, 78-7; H, 10-7. C,ygH;,NO requires 
C, 78-85; H, 10-8%) (also 410 mg. of this ketone, m. p. 295—300°), and hexagonal prisms 
(2-1 g.) of a molecular compound, m. p. 262—264°, vyax, (in Nujol) 3310, 3180, 3080 (NH), 
1675 cm. (CO-NH), vax, (in CCl,) 1680 cm.! (almost insoluble in CCl,), of the isomers (V and 
VI; R = H) (Found: C, 78-65; H, 10-65%), plus residues of m. p. >235°. The mother-liquor 
from the fractions containing the pure molecular compound contained only material of m. p. 
262—264°. 

A 1:2 synthetic mixture of the lactams (V; R = H), m. p. 303°, and (VI; R = H), m. p. 
295° (see below), on crystallisation from chloroform—ether furnished the molecular compound, 
m. p. 263—264°, with infrared bands as before. 

Chromatography on aluminium oxide failed to resolve the molecular compound. 

(C) From Androst-4-en-3-one (11). (i) 38-Hydroxyandrost-5-en-17-one (m. p. 153°; 11 g.), 
hydrazine hydrate (8-7 ml.), and sodium hydroxide (23-2 g.) in diethylene glycol were heated 
in nitrogen at 140° for 1-5 hr.; the temperature was then raised to 190° and the pressure reduced 
to 10 mm. rapidly to remove the excess of hydrazine; the mixture was kept at 190—200° for 
4 hr., cooled, and diluted with water (4 vol.), and the precipitate extracted with ether (2 1.). 
The ethereal extract was washed thrice with water (2 1.), dried, and evaporated to give androst- 
5-en-38-ol (10-2 g.), m. p. 133—136° (lit.,4 135—136°); this procedure is a marked improvement 
on the methods listed in Elsevier’s ‘‘ Encyclopaedia of Organic Chemistry,’’ Vol. XIV, Series 
III, p. 1504S. Androst-5-en-36-ol (10 g.) was dissolved in cyclohexanone (100 ml.) and xylene 
(40 ml.), and the mixture slowly distilled until 40 ml. of distillate had been collected; aluminium 
isopropoxide (2-5 g.) was then added; the solution became yellow, and slow distillation was con- 
tinued for 10 min. After cooling, a concentrated solution of sodium potassium tartrate was 
added and the mixture shaken for 10 min. to give two almost colourless layers. The mixture was 
steam-distilled until 2-5 1. of distillate had been obtained; the residue solidified on cooling and 
was collected, dried, and recrystallised from methanol, to afford androst-4-en-3-one (7-5 g.), 
m. p. 103—106° (lit.,14 104—-106°). The oxime, prepared as described above, was amorphous 
(m. p. 75—85°); it was dissolved in ether, washed twice with water to remove hydroxylamine 
salts, dried, and recovered as a glass. The oxime (1-5 g.) was dissolved in ether (5 ml.) and 
cooled to —15°, and thionyl chloride (12 ml.; also cooled to —15°) was added; the mixture 
was at once poured into an excess of hot (80—100°) 4N-potassium hydroxide; after cooling, 

24 Prelog, Ruzicka, and Wieland, Helv. Chim. Acta, 1944, 27, 66. 
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the product was extracted with ether, and the ethereal extract evaporated to an oil which was 
dried at 25°/1 mm. for 30 min. and subjected to the same treatment. After recycling four 
times, the sparingly ether-soluble crystals were filtered off (440 mg.; m. p. 225—228°) and 
recrystallised from chloroform—ether to give 3-aza-a-homoandrost-4a-ene-4-one (III) (271 mg.), 
m. p. 233—236°, Amax, 222 my (log ¢ 4:15), vmax, (in Nujol) 3290, 3178, 3050 (NH), 1668, 1636, 
1602 [C°C-CO], vax, (in CHCl,) 3420 (NH), 1643, 1603 cm.1 [C:C-CO]; the analytical specimen 
was sublimed at 200°/0-01 mm. and had m. p. 236—238° (Found: C, 79-2; H, 10-2. C,gH,,NO 
requires C, 79-4; H, 10-2%). The ethereal filtrate and the mother-liquors were combined, 
evaporated, and dried in a high vacuum for 0-5 hr.; the resultant material was recycled four 
times, with half-quantities of reagents and solvent, to give a brownish product (181 mg.), 
m. p. 246—250° (from ether—benzene). The product (150 mg.) was chromatographed on 
aluminium oxide (4 g.) in pentane, and the column eluted with pentane, chloroform—pentane 
(60—90% of chloroform), and with chloroform; the chloroform—pentane fractions were combined 
after infrared spectroscopic examination to give a polymorph of 3-aza-a-homoandrost-4a-ene-4- 
one (III) (90 mg.), m. p. 246—250°, Amax 222 my (log ¢ 4-15), vmax, (in Nujol) 3168, 3062 (NH), 
1665, and 1575 (broad), whose infrared absorption spectrum in CHC], solution was identical with 
that of the form, m. p. 233—236°, described above (Found: C, 78-6; H, 10-0%). This lactam 
was unchanged by N-sodium ethoxide at 100° for 5 min. or by concentrated sulphuric acid at 
50° for 5 min., the product obtained by dilution having in both cases the same infrared spectrum 
as the starting material. 

Attempted rearrangement of the oxime (115 mg.) with toluene-p-sulphonyl chloride (140 
mg.) in pyridine (0-5 ml.) at 25° for 3 days (cf. ref. 4) failed to give a crystalline product. 

(ii) 3-Aza-a-homoandrost-4a-ene-4-one (III), m. p. 233—236° (271 mg.), 10% palladium— 
calcium carbonate, and ethanol (67 ml.) were shaken in hydrogen for 29 hr. Filtration from 
the catalyst, dilution with water (8 vols.), and collection and drying of the precipitate gave a 
product (270 mg.), m. p. 270—288°. Repeated recrystallisation from chloroform—ether gave 
3-aza-A-homo-5«-androstan-4-one (VI; R = H) (160 mg.), m. p. 295°, vmax. (in Nujol) 3270, 
1650, and 1615 cm.!; when this preparation (20 mg.) was mixed with 4-aza-a-homo-5a- 
androstan-3-one (V; R = H) (20 mg.), the mixture crystallised from chloroform-—ether, and 
the material from the mother-liquor recrystallised and sublimed slowly at 170°/1 mm., the 
molecular compound (V + VI; R =H), m. p. 263—264°, was obtained having an infrared 
absorption spectrum identical with that of the specimen obtained by Beckmann rearrangement 
of 5a-androstan-3-one oxime. The material from the mother-liquor of the recrystallised 
reduction product was repeatedly recrystallised from chloroform-—ether; it yielded 3-aza-a- 
homo-58-androstan-4-one (XII; R =H), m. p. and mixed m. p. 245°, vax, (in Nujol) 3205, 
3005, 1670, and 1600 (broad) cm.*1, identical with a specimen obtained by Beckmann rearrange- 
ment of 58-androstan-3-one oxime (see below). 

(iii) The A‘-e-lactam (III) (m. p. 236—238°; 50 mg.), platinum oxide (40 mg.), and acetic 
acid (10 ml.) were shaken in hydrogen for 36 hr. Filtration from the catalyst, dilution with 
water (8 vol.), and filtration and drying of the precipitate gave a product (35 mg.), m. p. 225—- 
270°. Recrystallisation from chloroform-ether gave 3-aza-a-homo-5a-androstan-4-one (VI; 
R = H) (18 mg.), m. p. 295°, vmax. (in Nujol) 3270, 1650, and 1615 cm.'. The residue from the 
mother-liquor had m. p. 224—240°, and further recrystallisation of this from chloroform—ether 
gave slightly impure 3-aza-a-homo-5f$-androstan-4-one (XII; R = H) (4 mg.), m. p. 237— 
244°, whose infrared absorption spectrum in Nujol was identical with that of a genuine specimen, 
m. p. 245°, except for a small additional peak at 1612 cm. due to a trace of the 5a-epimer 
(VI: R=H). | 

(iv) 3-Aza-a-homoandrost-4a-en-4-one (III) (polymorph, m. p. 246—250°; 10 mg.) did 
not absorb hydrogen in presence of 10% palladium-—calcium carbonate in ethanol (2-5 ml.) 
overnight; the infrared spectrum of the product was identical with that of the starting material. 
The recovered lactam (6 mg.) was shaken with hydrogen and platinum oxide (3 mg.) in acetic 
acid (1 ml.) overnight. Removal of the catalyst and isolation by dilution gave material (5-5 
mg.), m. p. 230—270°. Recrystallisation from chloroform—ether—pentane gave 3-aza-a-homo- 
5a-androstan-4-one (VI; R =H), m. p. 294—297°, whose infrared spectrum (in Nujol) was 
identical with that of an authentic specimen, but entirely different in the finger-print region 
from the spectra of the starting material and of 3-aza-a-homo-58-androstan-4-one (XII; R = H). 
The material from the mother-liquor, when twice recrystallised from chloroform—pentane, gave 
3-aza-A-homo-58-androstan-4-one (NIL; R = H), m. p. 242° after softening from 232°, whose 
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infrared absorption spectrum (in Nujol) was identical with that of a genuine specimen but 
entirely different in the finger-print region from the spectra of the starting material and of 
3-aza-A-homo-5a-androstan-4-one (VI; R = H). 

(v) The lactam (III) (polymorph, m. p. 245—248°; 45 mg.), platinum oxide (36 mg.), and 
acetic acid (9 ml.) were shaken in hydrogen for 72 hr. Removal of the catalyst and isolation 
by dilution gave material (22 mg.), m. p. 250—283°. Recrystallisation from chloroform— 
ether gave 3-aza-A-homo-5a-androstan-4-one (VI; R = H) as a polymorph, m. p. 304—305°, 
whose infrared absorption spectrum in Nujol was different in the NH and CO-NH stretching 
region, Vmax, (in Nujol) 3280, 3170, 3080, and 1670, 1625 cm.+, closely similar between 1400 
and 1200 cm."!, and identical below 1200 cm.%, with that of its polymorph, m. p. 295°; it 
was not analysed but was converted into 2,3-seco-5«-androstane-2,3-diol (see below). Further 
recrystallisation yielded the polymorph (8 mg.), m. p. 295°. No product melting between 
235° and 245° could be isolated, and this may be connected with the long reduction period 
which led to serious loss of material soluble in ~10% aqueous acetic acid. 

4-Hydroxy-3,4-seco-5a-androstan-3-0ic Acid Lactone (VI1).—4-Aza-a-homo-5«-androstan-3- 
one (V; R =H) (m. p. 303°; 81 mg.) with concentrated hydrochloric acid (0-8 ml., boiled 
shortly before use) was cooled to —180°, and the tube was evacuated, sealed, and heated at 
100° for 60 hr. (traces of oxygen affect the colour and quality of the derived amino-acid hydro- 
chloride). Water and the excess of hydrogen chloride were removed in a vacuum, to give 
the hydrochloride of 4-amino-3,4-seco-5a-androstan-3-oic acid. This was dissolved in water 
(7 ml.), ether (15 ml.) added, and the mixture cooled to 0°, saturated with dinitrogen trioxide, 
and shaken at 20° for 9 hr. The initial thick precipitate of the amino-acid nitrite gradually 
dissolved. The ethereal solution was washed with aqueous sodium hydrogen carbonate and 
with water, dried, and evaporated to give an oil, which crystallised. Recrystallisation from 
methanol and sublimation at 125°/0-01 mm. gave 4-hydroxy-3,4-seco-5«-androstan-3-oic acid 
lactone, m. p. and mixed m. p. 185—186° (lit.,44 185-5—186°) (correct infrared spectrum) 
(Found: C, 78-6; H, 10-3. Calc. for C,,H;,0,: C, 78-6; H, 10-4%). The amino-acid nitrite, 
obtained as an insoluble precipitate by treatment of the amino-acid hydrochloride with 
aqueous sodium nitrite solution, when washed and heated at 100° for 4 days, regenerated 
the lactam (_V; R = H), m. p. 303°. 

2-Hydroxy-2,3-seco-5a-androstan-3-oic Acid Lactone and 2,3-Seco-5a-androstane-2,3-diol.— 
(a) 3-Aza-a-homo-5«-androstan-4-one (VI; R =H) (m. p. 295°) was resistant to hydrolysis 
by hot 10N-hydrochloric acid and 65% sulphuric acid; it was therefore heated in a sealed 
tube with 50% aqueous-ethanolic 6N-hydrochloric acid at 100° as above for 16 hr., and the 
amino-acid hydrochloride was deaminated with dinitrogen trioxide as above. The resulting 
non-crystalline lactone (dried at 25°/1 mm. for 6 hr.) was reduced with an excess of lithium 
aluminium hydride in ether at 36° for 24 hr., to give, after the usual isolation procedure, 2,3- 
seco-5a-androstane-2,3-diol, m. p. and mixed m. p. 195—-197° (from benzene), whose infrared 
absorption was identical with that of a genuine specimen. The polymorph of (VI; R =H), 
m. p. 304—305°, likewise gave 2,3-seco-5«-androstane-2,3-diol, m. p. and mixed m. p. 195— 
197°, with the same infrared spectrum. 

(b) 2,3-Seco-5«-androstane-2,3-dioic acid (m. p. 235°; 100 mg.) was reduced with lithium 
aluminium hydride as above to 2,3-seco-5a-androstane-2,3-diol, m. p. 196—197° (from benzene), 
Vmax. (in CCl,) 3265, 1067, 1047, 1024 cm."}, vz, (in Nujol) 3290s (OH), 1055s, 1040m, 1020s 
cm." (C-O) [Found (after drying at 100°/1 mm. for 16 hr.): C, 78-2; H, 11-3. C,,H;,O, requires 
C, 78-0; H, 11-05%]. 

178-Hydroxy-58-androstan-3-one (X; R = OH).—10% Palladium oxide-calcium carbonate 
(250 mg.), suspended in ethanol (12-5 ml.), was reduced by shaking it with hydrogen; testosterone 
(m. p. 155°; 500 mg.) and 0-44N-ethanolic potassium hydroxide (12-5 ml.) were added, and 
the mixture was swirled in the air for 15 min. and (after removal of the air) shaken with hydrogen 
for 30 min. After 20 min. the theoretical amount of hydrogen had been absorbed and uptake 
had ceased; the catalyst was filtered off, the filtrate diluted with water (10 vols.) and the 
precipitate collected, washed with water, and dried to yield material (412 mg.), m. p. 132—135°. 
Recrystallisation from ethyl acetate-hexane gave 17$-hydroxy-58-androstan-3-one (X; R = 
OH) (350 mg.), m. p. 137—140° (lit., 137—-140°). The benzoate, prepared by using benzoyl 
chloride and pyridine in methylene chloride in a sealed tube at 65° and recrystallised from hexane, 
had m. p. 158—160° [Found (after drying at 100°/0-01 mm. for 3 hr.): C, 78-95; H, 8-5. Calc. 
for C,,H;,0;: C, 79-15; H, 8-7%]. ‘The oxime, prepared in the usual way from the benzoate 
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(1-04 g.), was amorphous; it was dissolved in ether, washed with water to remove hydroxylamine 
salts, dried, and evaporated, but resisted all attempts at recrystallisation; it had m. p. 105— 
115°. 

The pretreatment with molecular oxygen and alkali appears to involve both substrate and 
catalyst, since pretreatment of testosterone in absence of the catalyst was ineffective; it loses 
effectiveness at low temperatures (0°, —40°, —70°). The optimum duration appears to vary 
with the batch of catalyst, but if unduly extended leads to increasing amounts of water-soluble 
products giving a positive Schiff’s test for aldehydes, reducing Fehling’s solution, and yielding 
2,4-dinitrophenylhydrazones. 

3-Oxo-4-aza- (XI; R = OBz) and 4-Ox0-3-aza-a-homo-58-androstan-178-yl Benzoate (XII; 
R = OBz).—To the oxime (1-08 g.) of 3-oxo-58-androstan-17$-yl benzoate was added thionyl 
chloride (10 ml.) at —20°, and the solution was left at —15° for 1 hr., and then poured into an 
excess of 2N-sodium hydroxide. The precipitate was filtered off, washed with water, dried, 
and washed with a little ether, to give a mixture of the 178-benzoyloxy-lactams (XI, XII; 
R= OBz) (1-03 g.), m. p. 222—228°. Two sublimations at 200°/0-001 mm. gave a mixture 
of 3-oxo-4-aza- (XI; R = OBz) and 4-oxo-3-aza-a-homo-5$-androstan-178-yl benzoate (XII; 
R = OBz), m. p. 227—228° (Found: C, 76-2; H, 8-6; N, 3-4. Calc. for C,,H,,NO,: C, 76-3; 
H, 8-6; N, 3-4%). The mixed products were recovered largely unchanged after attempted 
pyrolysis at the softening point (~500°) of soda glass at 1 mm. or at 0-001 mm. 

178-Hydroxy-4-aza-A-homo-58-androstan-3-one (XI; R= OH) and the Isomer (XII; 
R = OH).—tThe mixed 178-benzoyloxy-lactams (600 mg.) were refluxed with potassium hydroxide 
(300 mg.) in ethanol (14 ml.) for 2 hr. Dilution with water (1 vol.) gave a clear solution con- 
taining the potassium salts of the appropriate amino-acids; acidification with hydrochloric 
acid and complete evaporation at 100°/1 mm. gave a product which was slowly sublimed at 
220°/0-005 mm. to yield after 5 hr. a mixture of hydroxy-lactams (XI and XII; R = OH) 
(364 mg.), m. p. 240—244°; resublimation at 220°/0-001 mm. gave the analytical specimen 
as needles, m. p. 242—244° (Found: C, 74-45; H, 10-2. Calc. for C,,H,;,NO,: C, 75-0; H, 
9-9%). 

3-A za-A-homo-58-androstane-3,17-dione (XII; R= :O) and the 4-Aza-3,17-dione (XI; 
R = :O).—The mixed 176-hydroxy-lactams (250 mg.) were shaken with a solution of chromium 
trioxide (250 mg.) in pyridine (2-5 ml.) in a sealed tube at 20° for 16 hr. The dark solution, 
containing a finely divided black solid, was filtered in succession through two’columns of 
aluminium oxide (2 x 2-5 g.) and evaporated ina vacuum. The residual yellow solid (200 mg.) 
was chromatographed on aluminium oxide (6 g.) in benzene—hexane (3:1). Elution with 
chloroform (6 x 20 ml.) gave a mixture of dioxo-derivatives (XI and XII; R = :O) (110 mg.), 
recrystallising from methanol in needles, m. p. 191—210°; two further recrystallisations from 
methanol gave a specimen, m. p. 195—197° clearing at 210°, vax (in Nujol) 3230, 3120 (NH), 
1740 (5-ring CO), 1677, 1665, 1642sh, 1615sh, 1587 cm.-! (CO-NH), vmax, (in CHCl,) 1735, 1662, 
1605 cm. [Found (after drying at 80°/0-01 mm. for 3 hr.): C, 75-05; H, 9-5. Calc. for 
C,,H,,NO,: C, 75-3; H, 9-6%]. <A preliminary oxidation with chromium trioxide in acetic 
acid at ~5° gave only viscous, insoluble green oils. 

4-A za-a-homo-58-androstan-3-one (XI; R = H) and 3-Aza-a-homo-58-androstan-4-one (XII; 
R = H).—(a) The mixed 17-keto-lactams (57 mg.), hydrazine hydrate (0-1 ml.), and potassium 
hydroxide (100 mg.) in diethylene glycol (2 ml.) were heated at 135° for 1 hr., then at 190— 
200°/10 mm., and finally at 200°/760 mm. for 4 hr. The cooled mixture was treated with a 
stream of dry hydrogen chloride, and the excess of hydrogen chloride was removed at 10 mm. ; 
the solvent was distilled off at 150°/1 mm., and the dry residue kept at 150°/1 mm. for 2 hr. 
After repeated trituration with ether, the residue was repeatedly recrystallised from chloroform-— 
pentane and finally from methanol, to give 3-aza-a-homo-58-androstan-4-one, m. p. and mixed 
m. p. 244—245° preceded by extensive sublimation to yield large hexagonal plates, whose infrared 
absorption spectrum was identical with that of the lactam, m. p. 245°, obtained from 58- 
androstan-3-one [see (b) below]. From the mother-liquors, 4-aza-a-homo-5$-androstan-3-one 
(XII; R =H) was obtained as needles, m. p. 210°, preceded by sublimation to give needles 
at 205°. 

(6) 10% Palladium oxide-calcium carbonate (100 mg.) in 0-22Nn-ethanolic potassium 
hydroxide was shaken in hydrogen for 0-5 hr.; androst-4-en-3-one (II) (m. p. 103—106°; 
500 mg.) was added and the mixture shaken in air for 15 min. (In a later experiment with a 
different batch of catalyst, this treatment was omitted without detrimental results.) The 
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air was replaced by hydrogen and shaking continued for 50 min. When absorption (90% 
of theory) ceased, the catalyst was filtered off, and the yellow filtrate made slightly acid and 
colourless with 10N-hydrochloric acid and concentrated at 100°/10 mm. The usual working 
up yielded 58-androstan-3-one (XIII) (lit.,4**5 m. p. 59—60°) as an oil (475 mg.). To conserve 
material, a portion (130 mg.) only was chromatographed on Davison silica gel (12 g.; 100—200 
mesh; from W. R. Grace and Co., Baltimore, Maryland, U.S.A.) in pentane; elution with 
ether—pentane (1: 24) gave material (100 mg.), m. p. ~45°, which on rechromatography gave 
58-androstan-3-one, m. p. 50—55°, raised to 59—61° by two quick successive washings of the 
well-formed crystals with a little pentane. The reduction product and the chromatographed 
material were converted into oximes in refluxing methanol] in the usual way (2-5 hr.); the 
precipitate obtained on dilution was collected, washed with water, dried, dissolved in ether, 
washed with water (to remove hydroxylamine salts), dried, and recovered by evaporation at 
l] atm.andthenatl mm. The oxime was amorphous, m. p. 65—75°; thionyl chloride (5-0 ml.) 
at —20° was added in one portion to the oxime (500 mg.); after 1 hr. at —20° the solution was 
poured into 4N-potassium hydroxide (50 ml.). The product was extracted with ether to give a 
mixture of the lactams (XI, XII) (490 mg.), m. p. 175—240°. 

These mixed lactams (5-6 g.) on triangular fractionation (about 50 crystallisations) from 
chloroform—hexane gave 3-aza-a-homo-58-androstan-4-one (XII) (1:31 g.); m. p. 244-5—245-5° 
after final recrystallisation from methanol, subliming easily above 200°/1 mm. in hexagonal 
plates, Vmax, (in Nujol) 3200, 3060sh (NH), 1660 (CO-NH), and 1595 cm.~}, vmx (in CCl,) 3370, 
3180, 3040, and 1660 cm. [Found (after sublimation): C, 78-95; H, 10-9; N, 4-9. C,,H;,ON 
requires C, 78-85; H, 10-8; N, 485%], with slightly less pure material (573 mg.), m. p. 242— 
245°, and 4-aza-a-homo-58-androstan-3-one (XI) (450 mg.), needles (from methanol), m. p. 
206—207°, vmax, (in Nujol) 3200, 3100 (NH), 1670, and 1635 cm.“1 (CO-NH) (Found: C, 79-05; 
H, 10-8; N, 5°1%), with further material of almost equal purity (150 mg.), m. p. 205—207°. 
Fractions (i) 372 mg., m. p. >260°, and (ii) 1-38 g., m. p. 180—190°, were also obtained; the 
former may contain some of the a/B-trans-lactam (V and/or VI; R =H), whilst the latter 
probably consists of a mixture of lactams (XI, XII) but was not subjected to further fractional 
crystallisation. 

2-H ydroxy-2,3-seco-58-androstan-3-oic Acid Lactone (XIV).—3-Aza-a-homo-58-androstan-4- 
one (XII) (m. p. 245°; 100 mg.) was hydrolysed in absence of oxygen with a mixture of con- 
centrated sulphuric acid (0-3 ml.) and distilled water (0-3 ml.) at 110° for 14 hr. in a tube which 
had been evacuated at —180°/1 mm. and sealed. The colourless amino-acid sulphate, which 
separated, on cooling, in flakes, was filtered off, washed repeatedly with small quantities of 
water, and deaminated by being shaken at 20° for 4 days in ether (8 ml.) and water (8 ml.), 
each previously saturated with dinitrogen trioxide. The ethereal layer was separated, washed 
with sodium hydrogen carbonate and with water, dried, and evaporated. The residue was 
chromatographed on silica gel (Davison; 3g.) in pentane. Elution with ether—pentane (1: 1) 
gave 2-hydroxy-2,3-seco-58-androstan-3-oic acid lactone (XIV), hexagonal prisms (from benzene- 
pentane; after sublimation at 130°/1 mm.), m. p. 155—157°, vax, (in Nujol) 1730s, 1710s 
cm. (Found: C, 78-6; H, 10-55. C,,H3 90, requires C, 78-6; H, 10-4%). 

3- and 4-Aza-a-homo-5a-androstane (IX, VII) and 3- and 4-Aza-a-homo-58-androstane (XVI, 
XV).—The lactam (V, VI, XI, or XII; R = H), suspended in ether (100 mg. per 5 ml.), was 
reduced with lithium aluminium hydride in ether (150 mg. per 5 ml.) in sealed tubes at 20° 
for 2 days; similar results were obtained when the period was 10 days. The reactants were 
rapidly introduced into tubes constricted for 2 cm. to a diameter of 3 mm., and ether was 
added; after ~10 min. when evolution of gas had effectively ceased, the orifices were closed 
with corks bearing long glass tubes (20 cm.), the lower parts of the tubes placed in an ice-salt 
bath, and the tubes sealed. The sealed tubes, inserted in larger tubes and‘ padded with cotton 
wool, were then shaken in batches of 4—8. The resulting mixtures were decomposed with a 
minimum of water, and the precipitates filtered off and washed extensively with ether as 
quickly as possible to avoid formation of base carbonates; the ethereal filtrates were then 
evaporated in vacuum-desiccators over potassium hydroxide. The crystalline residues con- 
sisted of the almost pure aza-steroids, since conversion into the hydrochlorides, recrystallisation 
of these from ethanol—ether, and regeneration of the bases hardly altered theirm. p. Analytical 
specimens were prepared by refluxing them in a narrow vertical tube at 170—180°/0-001 mm. 
for 0-5 hr.; the tube was then swiftly withdrawn from the bath, placed horizontally, disconnected 


25 Mason and Schneider, J. Biol. Chem., 1950, 184, 593. 
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from the vacuum-train, and cut on either side of the ring of distillate. The samples used for 
infrared spectroscopy unavoidably became contaminated with base carbonate during prepar- 
ation of mulls or solutions. 

3-A za-A-homo-5a-androstane (IX) was obtained as an oil, which when rubbed with a little 
pentane gave crystals, m. p. 72—73° (Found: C, 82-5; H, 12-2. C,,H3,;N requires C, 82-8; 
H, 12-1%). 

4-Aza-a-homo-5a-androstane (VIII), m. p. 62—63°, vax. (in Nujol) 3440 cm. (NH), crystal- 
lised spontaneously during evaporation in a vacuum of its ethereal solution (Found: C, 82-8; 
H, 11-9%). 

3-A za-A-homo-58-androstane (XVI) was obtained as an oil which at 1 mm. solidified to 
needles, m. p. 50—54°; after being washed with a little cold pentane, these had m. p. 52—56°, 
Vmax, (in Nujol) 3390sh, 3260 cm.“! (NH) (Found: C, 82-3; H, 12-2%). 

4-Aza-a-homo-58-andvostane (XV) crystallised readily and had m. p. 84—85°. The hydro- 
chloride, prepared in ether, recrystallised from ethanol-ether; the base liberated by alkali 
was refluxed at 170°/0-001 mm.; it then crystallised, having m. p. 84—85°, vygx (in Nujol) 
3320, 3220 (NH), 1630, 1550 cm. (Found: C, 82-55; H, 11-95%). When the aza-steroid 
was simply distilled at 100°/0-001 mm. the analytical figures were much lower. The hydro- 
chloride, m. p. 280—290° with prior sublimation, had vy, (in Nujol) 1615, 1590 cm.7}. 

N-Acetyl derivatives. The aza-steroid (VIII, IX, XV, or XVI; 100 mg.) was treated with 
acetic anhydride (0-5 ml.) and pyridine (1 ml.) at 23° for 16 hr. The products were isolated 
by dilution with water and filtration, or by extraction with ether. After drying at 20°/1 mm. 
for 10 hr., chromatography on Davison silica gel columns (W. R. Grace and Co., Baltimore, 
Maryland, U.S.A.; 100—200 mesh; 3 g.) prepared in pentane, and elution with ether—chloro- 
form, gave the pure acetyl derivatives, which were very soluble in all the usual solvents. 
Attempted use of aqueous methanol or ethanol did not afford nicely crystalline precipitates. 

The N-acetyl derivative of base (IX) was eluted from silica gel with ether—chloroform (4: 1) 
and formed needles, m. p. 113—115°, Vmax (in Nujol) 1625 cm.-! [Found (after drying at 
20°/1 mm. for 30 hr.): C, 79:5; H, 11-2. C,,H,;,NO requires C, 79-45; H, 11-1; N, 
4-4%]. 

The N-acetyl derivative of base (VIII) was eluted from silica gel with ether—chloroform (2: 3 
and 1:3) and crystallised on evaporation of the eluates in needles, double m. p. 134—136°, 
138°, vmax. (in Nujol) 1640, 1630 cm. (C=O), no N-H stretching band at ~3400 cm.*! [Found 
(after drying at 25°/1 mm. for 30 hr.): C, 79-2; H, 11-2; N, 45%]. A Nujol mull of a 
sample which had not been specially dried exhibited a peak at 3450 cm. (OH), probably due 
to moisture. 

The N-acetyl derivative of base (XVI) crystallised when rubbed with cold pentane and was 
eluted from silica gel with ether—chloroform (5:1 and 3:1); the eluted material crystallised 
as needles, m. p. 74—76°, Vmax, (in Nujol) 1640, 1625 cm.} (C=O), no band at ~3400 cm."! 
[Found (after drying at 15°/1 mm. for 40 hr.): C, 79-45; H, 10-9%]. 

The N-acetyl derivative of base (XV) was eluted from silica gel with ether—chloroform (3: 1); 
it formed plates, m. p. 72—74°, vingx (in Nujol) 1645, 1610 cm. (C=O), no peak at ~3400 cm.*! 
[Found (after drying at 30°/1 mm. for 48 hr.): C, 79-25; H, 11-05%]. A Nujol mull prepared 
in a room without air-conditioning showed a peak at 3450 cm.! (OH), probably due to traces 
of water. 

N-Nitroso-derivatives. The aza-steroids (VIII, IX, XV, or XVI; 50 mg.) were dissolved 
in ether (5 ml.) saturated with distilled water, and shaken with a saturated solution of dinitro- 
gen trioxide in distilled water at 20°. A precipitate of the base nitrite, often in the form 
of long needles, appeared almost immediately and dissolved after ~0-5 hr.; after 14 hr., the 
aqueous phase was removed, and the ethereal solution washed with sodium hydrogen car- 
bonate and with water, dried (Na,SO,) and evaporated in a vacuum-desiccator over sulphuric 
acid. The nitroso-derivatives, obtained in nearly quantitative yield, were purified by chromato- 
graphy on Davison silica gel columns prepared in pentane, and eluted with ether—pentane 
(Vmax. refer to Nujol mulls): 

(IX), eluted with ether—pentane (1: 4), needles, m. p. 109—112°, vngx 1410s, 1360, 1135 
cm.~? (N=O), no N-H stretching band at ~3400 cm.". 

(VIII), eluted with ether—pentane (1: 4), needles, m. p. 136—138°, vy,, 1415s, 1370, 1145, 
1140 cm.* (N=O), no peak at ~3400 cm. [Found (after drying at 25°/1 mm. for 30 hr.): 
C, 75-15; H, 10-3. C,,H,.N,O requires C,.74-95; H, 10-6; N, 9-2%]. 
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(XVI), eluted with ether—pentane (1:3 and 2: 5), needles, m. p. 94—96°, vmax 1410s, 1295, 
1110 cm.? (N=O), no peak at ~3400 cm. [Found (after drying at 20°/1 mm. for 48 hr.): 
C, 75:3; H, 10-5; N, 9-0%]. 

(XV), eluted with ether—pentane (1:3), plates, that after being washed with a little cold 
pentane had a double m. p. 105—106°/128—130°, vaax, 1410s, 1165, 1140 cm."}, no peak at 
3400 cm. [Found (after drying at 20°/1 mm. for 48 hr.): C, 75-2; H, 10-15%]. 

N-Ethyl derivatives. The e-lactam (VI, XI, or XII; R = H) was reduced for 2 days with 
lithium aluminium hydride in ether as described above, but the mixtures were decomposed 
with ethyl acetate. The usual procedure gave colourless oils, yielding, on addition of 10N- 
hydrochloric acid to their solutions in aqueous acetic acid, crystalline hydrochlorides which 
were recrystallised from ethanol-ether. The bases were then regenerated by alkaliand extracted 
withether. They formed carbonates only slowly and they were unattacked by acetic anhydride— 
pyridine at 20°. Infrared absorption spectra of the hydrochlorides, taken in potassium chloride 
discs, showed no features useful for identification above 1600 cm."!, apart from a broad band 
at 2610—2625 cm.! which we cannot assign. The base from (XVI) had no characteristic band 
above 1360 cm.*. 

From base (VIII). The lactam (V; R = H) (m. p. 303°, 100 mg.) furnished after reduction 
a hydrochloride, m. p. ~280° preceded by much sublimation, which yielded 4-ethyl-4-aza-a- 
homo-5a-androstane (60 mg.), m. p. 33—36° after long storage at —10° [Found (after distillation 
at 150°/1 mm.): C, 82-6; H, 12-1. (C,,H;,N requires C, 82-85; H, 12-05%]. 

From base (XVI). (a) The lactam (XII; R = H) (m. p. 245°; 100 mg.) afforded a hydro- 
chloride as needles, m. p. 270° preceded by much sublimation, giving 3-ethyl-3-aza-a-homo-58- 
androstane (55 mg.), needles, m. p. 58—62° [Found (after distillation at 150°/1 mm., and solidific- 
ation of the distillate in a vacuum-desiccator over potassium hydroxide): C, 82-95; H, 
12-25%]. 

(6) 3-Acetyl-3-aza-a-homo-58-androstane (as XVI) (m. p. 74—76°; 20 mg.) was reduced 
with lithium aluminium hydride (30 mg.) in ether (2 c.c.) in a sealed tube at 100° for 5 hr. 
The mixture was decomposed with water, and the product isolated by extraction with ether; 
the resultant oil crystallised immediately on inoculation with preparation (a) in needles, m. p. 
58—-62°. This material was purified by chromatography on a column of Davison silica gel 
(0-6 g.), prepared in pentane; elution with pentane containing 5—15% of ether gave 3-ethyl-3- 
aza-A-homo-5f-androstane (18 mg.), m. p. and mixed m. p. 62—63°, identical in infrared spec- 
trum with the product obtained as in (a). 

From base (XV). The lactam (XI) (m. p. 205°; 100 mg.) yielded a hydrochloride, m. p. 
~280°, which crystallised from ethanol—ether in rectangular prisms; this by basification gave 
4-ethyl-4-aza-a-homo-58-androstane as a colourless oil. 
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710. The Preparation of «w-Di-O-methanesulphonyl Derivatives 
of Some Sugar Alcohols. 


By STANLEY S. Brown and G. M. Timmis. 


Synthetic routes to «w-dimethanesulphonyl derivatives of representative 
tetritols, pentitols, and hexitols are described. In general, these compounds 
are unstable in acid and give rise to anhydro-derivatives; some can only 
be obtained as acetyl derivatives. 


HyYDROXY-SUBSTITUTED aw-dimethanesulphonyloxyalkanes were required as potentially 
water-soluble analogues of the cytoactive compound “‘ myleran ”’ (1,4-dimethanesulphonyl- 
oxybutane) and its congeners.1 The sugar alcohols were the starting materials of choice 
to facilitate correlation of biological activity of the derived sulphonic esters with both 
chain length and stereochemistry. Some diarenesulphonic esters of free polyols have been 
prepared,”? but the synthetic methods used in these cases were found to be inapplicable 
to the preparation of the analogous dialkanesulphonates. Four possible routes to such 
compounds were available: (a) ring opening of terminal dianhydro-derivatives of polyols 
with methanesulphonic acid (cf. ref. 4); (6) preferential methanesulphonation ? of the 
primary hydroxyl groups of unsubstituted polyols; (c) methanesulphonation of suitably 
protected polyols, followed by removal of the protecting groups; and (d) reaction *® of 
aw-dideoxy-aw-dihalogenopolyols with silver methanesulphonate. 

1,2:3,4-Dianhydroerythritol and two mol. of methanesulphonic acid reacted smoothly 
in ether, but only a poor yield of a crystalline product was isolated. Reaction of erythritol, 
in pyridine, with two mol. of methanesulphony] chloride gave a small amount of the tetra- 
methanesulphonyl derivative. However, further treatment of such a reaction mixture 
with two mol. of acetic anhydride afforded the required 2,3-di-O-acetyl-1,4-di-O-methane- 
sulphonylerythritol, as did the reaction of 2,3-di-O-acetyl-1,4-dibromo-1,4-dideoxyery- 
thritol with silver methanesulphonate in benzene. Crystalline 1,4-di-O-methanesulphonyl- 
erythritol, which proved to be identical with the material prepared from the diepoxide, 
was obtained from the diacetyl derivative by treatment with methanolic hydrogen 
chloride. As an alternative route to the authentic diacetyl derivative, detritylation of 
2,3-di-O-acetyl-1,4-di-O-tritylerythritol was studied. Hydrogenolysis in neutral solution, 
however, could not be realized, contrary to the opinion of Helferich,’ whilst the only 
crystalline product of acid hydrolysis was 1,4-di-O-acetylerythritol, formed by double 
acyl migration such as has been observed in the preparation of «- and 6-monoglycerides.® 
It was thus clear that trityl ethers were of no value as blocking groups in the present work. 

Ring opening of 1,2:3,4-dianhydro-piL-threitol with methanesulphonic acid gave a 
syrup, and a heterogeneous solid was obtained by reaction of D-threitol with two mol. of 
methanesulphonyl chloride and then two of. acetic anhydride. Crystalline 2,3-di-O- 
acetyl-1,4-di-O-methanesulphonyl-pL-threitol was, however, prepared by reaction of the 
corresponding diacetoxydibromobutane with silver methanesulphonate ; deacetylation gave 
] ,4-di-O-methanesulphonyl-DL-threitol. 

Attempts at the “ partial ’’ methanesulphonation (7.e., reaction with two mol. of 
methanesulphony] chloride) followed by acetylation, of 2-deoxy-p-ribitol, D-arabitol, ribitol, 

1 Timmis, in “‘ Cancer,” ed. Raven, Butterworths, London, 1959, Vol. VI, p. 1; Haddow, Timmis, 
and Brown, Nature, 1958, 182, 1164. 

2 Tipson, Adv. Carbohydrate Chem., 1953, 8, 107. 

§ Skinner, Henderson, and Gustafson, J]. Amer. Chem. Soc., 1958, 80, 3788. 

* Winstein and Henderson, in ‘“‘ Heterocyclic Compounds,” ed. Elderfield, Chapman and Hall, 
London, 1950, Vol. I, p. 1. 

5 Barker and Bourne, Adv. Carbohydrate Chem., 1952, 7, 137. 

® Emmons and Ferris, J]. Amer. Chem. Soc., 1953, 75, 2257. 

7? Helferich, Adv. Carbohydrate Chem., 1948, 3, 79. 


8 Hartman, Chem. Rev., 1958, 58, 845; van Lohuizen and Verkade, Rec. Trav. chim., 1960, 79, 133 
and references there cited. 












ac 





e- 








(1961) Derivatives of Some Sugar Alcohols. 3657 


and xylitol led to heterogeneous acetyl-methanesulphony] derivatives which resisted purific- 
ation. Methanolysis of the crude products from D-arabitol and from ribitol yielded, as 
the only crystalline materials, traces of sharply melting anhydrodi-O-methanesulphonyl- 
pentitols. Although anhydro-derivatives of polyols may be formed 2 under sulphonylation 
conditions it is more likely, in view of the evidence below, that these compounds actually 
arose by elimination, during the deacetylation step, of one mol. of methanesulphonic acid 
from trimethanesulphonyl derivatives of the polyols, which were by-products (cf. refs. 
9 and 10) of the partial esterification. Ribitol could in this way yield two trimethane- 
sulphonyl derivatives, (I) and (III), and hence two anhydro-compounds, (ITI) and (IV). 
Arabitol, however, can give rise to three trimethanesulphony] derivatives, (V), (IX), and 
(XI), and hence four anhydro-compounds (VI), (VII), (X), and (XII). Of these, structure 
(XII) must be ascribed to a second anhydrodi-O-methanesulphonylarabitol which was 
obtained by the partial methanesulphonylation of 2,3-O-benzylidene-D-arabitol (VIII; 
R=H).® This reaction gave a syrup, which on spontaneous hydrolysis afforded a 
crystalline di-O-methanesulphonyl-D-arabitol (presumably the 1,5-derivative) but on 
hydrolysis by strong acid gave an anhydrodi-O-methanesulphonyl-p-arabitol different from 
that obtained directly from arabitol. The structure (XII) for this second anhydro-com- 
pound was established because it could also be prepared from the product of the reaction 
of 2,3-O-benzylidene-D-arabitol with 3 mol. of methanesulphonyl chloride; it must be 
derived from (VIII) and it can, therefore, only have structure (XII). It could not be an 
artefact of the sulphonylation as benzylidene acetals are known * to be stable under the 
conditions used in this step. 
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R = *SO,CHs. 


The formation of anhydro-polyols " from partially methanesulphonylated polyols, under 
acid conditions, has not previously been reported, but the reaction is not unexpected in 
view of the lability !* of polyol phosphates of analogous structure. 


® Haskins, Hann, and Hudson, J]. Amer. Chem. Soc., 1943, 65, 1663. 

10 Hockett and Fletcher, J]. Amer. Chem. Soc., 1944, 66, 469. 

11 Wiggins, Adv. Carbohydrate Chem., 1950, 5, 191; cf. Baddiley, Buchanan, and Carss, J., 1957, 
4138. 

12 Baddiley, Buchanan, and Carss, J., 1957, 4058; Kosolapoff, and Baddiley, in ‘“‘ Phosphoric Esters 
and Related Compounds,”’ Chem. Soc. Special Publ., No. 8, 1957, p. 127. 








3658 Brown and Timmis: Preparation of «w-Di-O-methanesulphonyl 


Reaction of 1,2:5,6-dianhydro-3,4-O-isopropylidene-p-mannitol }* with methanesul- 
phonic acid in ether gave a syrup which underwent spontaneous hydrolysis to a crystalline 
dimethanesulphonylhexitol, which was shown to be 1,6-di-O-methanesulphonyl-p-mannitol 
by comparison with authentic specimens prepared from 2,3:4,5-di-O-benzylidene-p- 
mannitol #4 by successive methanesulphonation, acetolysis, and methanolysis, and from 
2,3,4,5-tetra-O-acetyl-1,6-dideoxy-1,6-di-iodo-D-mannitol by reaction with silver methane- 
sulphonate, followed by methanolysis. Partial methanesulphonylation and acetylation 
of D-mannitol gave an impure specimen of the tetra-acetyldimethanesulphony] derivative, 
from which, however, by methanolysis the pure dimethanesulphonylmannitol was readily 
obtained. From the mother-liquors of the deacetylation an apparently homogeneous 
trimethanesulphonylmannitol was isolated. Since this compound could be prepared by 
further methanesulphonylation of 1,6-di-O-methanesulphonyl-D-mannitol, and its triacetyl 
derivative with sodium iodide in acetone * gave two mol. of sodium methanesulphonate 
and only a trace of iodine (cf. ref. 15), its structure is limited, by exclusion, to that of 
1,3,6-tri-O-methanesulphonyl-D-mannitol. 

‘ Partial ’’ methanesulphonation and acetylation of D-glucitol gave a syrup from which 
no crystalline material could be obtained by methanolysis. The “ partial ’’ methane- 
sulphonylation of 2,4-O-benzylidene-p-glucitol,4® however, gave a dimethanesulphonyl 
derivative, from which by acetolysis 2,3,4,5-tetra-O-acetyl-1,6-di-O-methanesulphonyl-p- 
glucitol was prepared. Its structure was confirmed by the fact that acetolysis of the 
di-O-methanesulphonyl derivative of 2,4:3,5-di-O-benzylidene-p-glucitol 1” gave the same 
compound. Hydrolysis of these benzylidene derivatives, or methanolysis of the tetra- 
acetyl derivative, did not give crystalline material. 

The extreme insolubility of galactitol precluded successful ‘‘ partial ’’ methanesul- 
phonylation and acetylation. A satisfactory route to 2,3,4,5-tetra-O-acetyl-1,6-di-O- 
methanesulphonylgalactitol was found in the reaction of the readily available 2,3,4,5-tetra- 
O-acetyl-1,6-dibromo-1,6-dideoxygalactitol 48 with silver methanesulphonate. The same 
compound was also prepared by acetolysis of the dimethanesulphony] derivative of either 
of the stereoisomeric 2,3,4,5-di-O-benzylidenegalactitols, and from tetra-acetylgalactaric 
acid by Rosenmund reduction to the tetra-acetyl-dialdehyde,” followed by catalytic 
hydrogenation to 2,3,4,5-tetra-O-acetylgalactitol and methanesulphonylation. Methano- 
lysis of the tetra-acetyldimethanesulphonylgalactitol could not be achieved, apparently 
because of its insolubility. As an alternative method of preparing the free 1,6-di-O- 
methanesulphonylgalactitol, the acid hydrolysis of the di-O-methanesulphonyl derivative 
of 2,3:4,5-di-O-isopropylidenegalactitol 4 was studied. This reaction, however, gave an 
anhydrodi-O-methanesulphonylgalactitol; circumstantial evidence that this ring closure 
involved the 3(4)-position, and therefore that the product was racemic 1,4-anhydro-6-O- 
methanesulphonylgalactitol, was provided by the fact that hydrolysis, under the same 
conditions, of the di-O-methanesulphonyl derivative of 2,3:5,6-di-O-isopropylidene- 
galactitol ** did afford the corresponding di-O-methanesulphonylgalactitol. 1,4-Anhydro- 
p-galactitol is known.” 

It is clear from these results that there can be no general route to a-di-O-methane- 
sulphonyl esters of the polyols. The ring opening of terminal diepoxides evidently 
proceeds in more than one sense (cf. ref. 23), and partial methanesulphonation gives 


18 Wiggins, J., 1946, 384. 

14 Haskins, Hann, and Hudson, J. Amer. Chem. Soc., 1943, 65, 1419. 

18 Bladon and Owen, J., 1950, 598. 

16 Vargha, Ber., 1935, 68, 18, 1381. 

17 Haworth, Gregory, and Wiggins, J., 1946, 488. 

18 Bladon, Overend, Owen, and Wiggins, J., 1950, 3000. 

1® Haskins, Hann, and Hudson, J. Amer. Chem. Soc., 1942, 64, 136, 137. 

20 Papadakis, J. Org. Chem., 1955, 20, 630; cf. Smith and Stephen, Tetrahedron Letters, 1960, No. 7, 


= Hann, Maclay, and Hudson, J. Amer. Chem. Soc., 1939, 61, 2432. 
*2 Ness, Fletcher, and Hudson, J. Amer. Chem. Soc., 1951, 78, 3742. 
*3 Haggis and Owen, J., 1950, 2250. 
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complex mixtures of products. The instability of partially methanesulphonylated polyols 
in acid (as well as alkaline) solution, moreover, restricts the choice of blocking groups 
which may be used in their synthesis. 


EXPERIMENTAL 


Unless otherwise specified, suitably purified, anhydrous reagents and solvents were used, 
and evaporations were carried out 1m vacuo on a rotary evaporator. Analyses were by Mr. 
P. R. W. Baker, Wellcome Laboratories, Beckenham. 

1,4-Di-O-methanesulphonylerythritol.—(a) A stirred, ice-cooled solution of 1,2:3,4-dianhydro- 
erythritol * (fractionally distilled; b. p. 139-5—140°/754 mm., m,!* 1-4322) (8-7 g.) in ether 
(60 ml.) was treated dropwise during 1 hr. with methanesulphonic acid (20 g., 2 mol.). After 
1 hr. more, the ether was decanted from the precipitated oil, which was triturated with fresh 
ether (3 x 60 ml.) and treated with warm methanol (200 ml.). The solution was separated 
from the insoluble material and evaporated slowly, to leave a gummy solid which was collected 
and crystallized from ethyl acetate to give 1,4-di-O-methanesulphonylerythritol (1-0 g.), m. p. 
122—124°. This compound, and its diacetyl and dibenzoyl derivatives, m. p. 178—180° 
(decomp.) and 186—188°, respectively, did not depress the m. p. of the corresponding compounds 
described below. 

(b) A stirred, ice-cooled suspension of powdered erythritol (6-1 g.) in pyridine (20 ml.) was 
treated dropwise during 1 hr. with methanesulphonyl chloride (12-5 g., 2 mol.). After 1 hr. 
more, water (80 ml.) was added portionwise. The oily precipitate solidified on trituration with 
methanol (20 ml.) and crystallized from 2-methoxyethanol, to give 1,2,3,4-tetra~-O-methane- 
sulphonylerythritol (2-1 g.), blades, m. p. 216—217° (Found: C, 22-05; H, 4:2; S, 28-95. 
C,H,,0,.S, requires C, 22-1; H, 4-2; S, 29-5%), identical with an authentic specimen. 

The reaction mixture from such a methanesulphonylation was treated, at 3°, with acetic 
anhydride (10 g., 2 mol.) in pyridine (20 ml.) and left overnight at room temperature. The 
precipitate formed on adding the mixture to water was dried, and extracted with boiling dioxan 
(250 ml.). The filtered solution, on cooling, gave 2,3-di-O-acetyl-1,4-di-O-methanesulphonyl- 
erythritol (4-0 g.), prisms, m. p. 167—169° (decomp.), raised by recrystallization to 178—180° 
(decomp.) (Found: C, 33-45; H, 4-9; S, 18-0. Cj, 9H,,0,)S, requires C, 33-1; H, 5-0; S, 17-7%). 
This product (16 g.) was boiled under reflux for 3 hr. with 0-58N-methanolic hydrogen chloride 
(600 ml.). Undissolved material (6-0 g.) was filtered off, and the filtrate evaporated at 20 mm., 
in a stream of dry air, to a syrup which crystallized largely on desiccation. After trituration 
with ether (25 ml.), the solid crystallized from ethyl acetate, to give 1,4-di-O-methanesulphonyl- 
erythritol (3-6 g.), tablets, m. p. 119—121°, raised by recrystallization to 123—124° (Found: 
C, 25-4; H, 4-8; S, 22-85. C,H,,0,S, requires C, 25-9; H, 5-1; S, 23-0%). Reacetylation of- 
this product gave the diacetyl derivative m. p. 178—180° (decomp.); benzoylation gave 2,3-di- 
O-benzoyl-1,4-di-O-methanesulphonylerythritol, needles (from dioxan), m. p. 188—190° (Found: 
C, 49-1; H, 4-7; S, 13-15. Cy9H,.0,9S_ requires C, 49-4; H, 4-6; S, 13-2%). 

(c) 2,3-Di-O-acetyl-1,4-dibromo-1,4-dideoxyerythritol [m. p. 140—142° (lit.,25 m. p. 137°); 
prepared by acetylation of 1,4-dibromo-1,4-dideoxyerythritol 74] (2-95 g.) was stirred under 
reflux for 15 hr. with silver methanesulphonate (3-6 g., 2 mol.) in benzene (50 ml.). The cooled 
mixture was filtered, and the residue extracted with boiling dioxan (200 ml.) to give the diacetyl- 
dimethanesulphonylerythritol (1-4 g.) previously obtained. Methanolysis of this product 
(2-7 g.) as before, gave recovered material (1-2 g.), and 1,4-di-O-methanesulphonylerythritol 
(0-7 g.), m. p. and mixed m. p. 124—125°. 

1,4-Di-O-acetylerythritol—A suspension of erythritol (5-0 g.) and triphenylmethyl chloride 
(25 g., 2 mol.) in pyridine (45 ml.) was stirred for 2 days and then treated with acetic anhydride 
(9-0 g., 2 mol.) in pyridine (17 ml.)._ After 2 days more, ice-water (300 ml.) was added, and the 
dried precipitate was crystallized by dissolution in hot chloroform and addition of ethanol, to 
give 2,3-di-O-acetyl-1,4-di-O-tritylerythritol (15 g.), prisms, m. p. 250—252°, unchanged on 
recrystallization from xylene (Found: C, 79-0; H, 5-9. Calc. for C,,H,,0,: C, 80-0; H, 6-1%). 
The same product was obtained by acetylation of 1,4-di-O-tritylerythritol, m. p. 191—193° 
(lit.,2® m. p. 182—-184°). There was negligible uptake of hydrogen on attempted hydrogenolysis 
of the product in ethanol or dioxan, over platinum or palladium, under various conditions. 

4 Feit, Chem. Ber., 1960, 88, 116. 


25 Owen, J., 1949, 241. 
26 Valentin, Coll. Czech. Chem. Comm., 1931, 3, 499. 
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The diacetylditritylerythritol (5-0 g.) was boiled under reflux for 30 min. with acetic acid 
(35 ml.) and water (7-0 ml.). The cooled solution was diluted with water (28 ml.), the pre- 
cipitated triphenylmethanol (3-5 g., 1-85 mol.) collected, and the filtrate evaporated to an oil 
which crystallized in part. After 4 months, the solid was triturated with hexane and crystallized 
from ethyl acetate—hexane, to give 1,4-di-O-acetylerythritol (0-7 g.), blades, m. p. 92—94° 
(lit.,27 m. p. 93—94°) (Found: C, 46-8; H, 6-9. Calc. for C,H,,0,: C, 46-6; H, 6-8%). 
Acetylation of this product gave tetra-O-acetylerythritol, m. p. and mixed m. p. 87—88°; 
methanesulphonylation gave 1,4-di-O-acetyl-2,3-di-O-methanesulphonylerythritol, rnombs (from 
ethanol—dioxan), m. p. 140—141° (Found: C, 33-4; H, 5-0; S, 18-4. Cj, 9H,,O, 9S, requires 
C, 33:1; H, 5-0; S, 17-7%). 

2,3-Di-O-acetyl-1,4-di-O-methanesulphonyl-pi-threitol—The reaction of 1,2:3,4-dianhydro- 
pL-threitol ** (fractionally distilled; b. p. 146—146-5°/763 mm., 7," 1-4349) with methane- 
sulphonic acid (2 mol.) in ether, as before, gave a syrup, from which no crystalline acetyl or 
benzoyl derivatives could be prepared. Treatment of p-threitol *® in pyridine with methane- 
sulphonyl chloride (2 mol.) and acetic anhydride (2 mol.), successively, gave a crystalline, but 
obviously heterogeneous, solid, m. p. 90—100° (Found: C, 31-8; H, 4:7; S, 19-2%), which 
could not be purified. 

2,3-Di-O-acetyl-1,4-dibromo-1,4-dideoxy-pt-threitol [m. p. 98—102° (lit.,°° m. p.s 96° and 
100-5°) obtained by acetylation of the corresponding threo-dibromobutanediol, isolated from 
the mother-liquors of the preparation ** of the evythro-isomer] (5-5 g.) was treated with silver 
methanesulphonate (2 mol.) in benzene, as before. The reaction mixture was filtered and the 
filtrate evaporated to an oil which was dissolved in methanol (8 ml.), filtered through charcoal, 
diluted with ether (25 ml.), and refrigerated, to give 2,3-di-O-acetyl-1,4-di-O-methanesulphonyl- 
DL-threitol (1-6 g.), plates, m. p. 85—-88°, raised by recrystallization to 88—90° (Found: C, 33-0; 
H, 4-65; S, 18-1%). Methanolysis of this product gave an oil which, after prolonged desic- 
cation, crystallised to give a 74% yield of 1,4-di-O-methanesulphonyl-p.-threitol, needles (from 
methanol-—ether), m. p. 102—103° (Found: C, 26-0; H, 4:9; S, 22-0%). The di-O-benzoyl 
derivative formed needles (from ethanol—hexane), m. p. 114—116° (Found: C, 49-3; H, 5:0; 
S, 13-4%). 

Partial Esterification of the Five-carbon Polyols.—2-Deoxy-p-ribitol, D-arabitol, ribitol, 
and xylitol were prepared by hydrogenation (Raney nickel in ethanol) of the corresponding 
aldoses; 2-deoxy-p-ribitol, reported *1 to be a syrup, formed plates (from acetone—methanol), 
m. p. 55—57°, [a],,2° —21° (c 2 in water) (Found: C, 44-0; H, 9-0. C;H,,O, requires C, 44-1; 
H, 8-9%). Treatment of each of these polyols with 2 mol. of methanesulphonyl chloride, and 
then with the requisite amount of acetic anhydride, gave uncrystallizable syrups in the cases of 
2-deoxy-p-ribitol and xylitol, and gummy solids with p-arabitol and ribitol. Persistent 
recrystallization of these solids from ethyl acetate-hexane or methanol gave needles, melting 
over wide ranges about 100°, each decomposing slowly to an oil at room temperature (Found, 
for the products from p-arabitol and ribitol respectively: S, 17-4, 15-8. Calc. for C,;H,.0,,5,: 
S, 148%). 

The triacetyldimethanesulphonylarabitol (25 g.) (twice crystallized) was treated with 
methanolic hydrogen chloride, as above. The product was an oil which crystallized, in part, 
on long storage; this material was collected and.recrystallized from ethyl acetate—hexane to 
give an anhydrodi-O-methanesulphonyl-p-arabitol (0-4 g.), plates, m. p. 102—103°, {a],** +16° 
(c 2 in methanol) (Found: C, 28-95; H, 4-8; S, 21-4. C,H,,0,S, requires C, 28-95; H, 4-9; 
S, 22-1%). Neither the O-acetyl nor the O-benzoyl derivative of this product was obtained 
crystalline. 

Methanolysis of the triacetyldimethanesulphonylribitol (8-2 g.) (twice crystallized) gave 
likewise an oil from which a crystalline anhydrodi-O-methanesulphonylribitol (0-5 g.) was isolated. 
This formed tablets (from methanol-ethyl acetate), m. p. 107—108° (Found: C, 28-8; H, 4-6; 
S, 21-6%), and gave an O-benzoyl derivative, rhombs (from ethyl acetate—hexane), m. p. 145— 
147° (Found: C, 42-3; H, 4-5; S, 15-6. C,,H,,0,S, requires C, 42-6; H, 4-6; S, 16-3%). 
Partial Methanesulphonation of 2,3-O-Benzylidene-p-arabitol.—A stirred, ice-cooled solution 


27 Raphael, J., 1952, 401. 
28 Bose, Foster, and Stephens, J., 1959, 3314. 
2® Brimacombe, Foster, Stacey, and Whiffen, Tetrahedron, 1958, 4, 351. 
8° Beilstein’s ‘‘ Handbuch der organischen Chemie,”’ Springer, Berlin, 1920, Vol. II, p. 143. 
31 David and Jaymond, Bull. Soc. chim. France, 1959, 157. 
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of 2,3-O-benzylidene-p-arabitol ® (6-8 g.) in pyridine (40 ml.) was treated dropwise during 2 hr. 
with methanesulphonyl] chloride (6-6 g., 2 mol.). After 2 hr. more, water (160 ml.) was added, 
the precipitated oil was separated by decantation and dissolved in chloroform, and the extract 
was washed successively with ice-cold water, N-hydrochloric acid, water, N-sodium carbonate, 
and water, then dried (MgSO,) and evaporated. The residual oil failed to crystallize on pro- 
longed desiccation but did so, slowly, when kept in an open vessel. The product was triturated 
with 2: 1 ether—methanol (15 ml.), collected, and recrystallized from methanol-ethyl acetate, to 
give a di-O-methanesulphonyl-p-arabitol (1-7 g.), blades m. p. 114—116°, [aJ,?* +10° (c 2 in 
water) (Found: C, 27-3; H, 5-4; S, 20-6. C,H,,0,S, requires C, 27:3; H, 5-2; S, 20-8%), 
forming a tri-O-acetyl derivative, needles (from ethyl acetate—hexane), m. p. 95—96°, [a], 
+ 23° (c 2 in methanol) (Found: C, 36-0; H, 4-9; S, 14-6. C,,;H,,0,,.S, requires C, 35-9; H, 5-1; 
S, 14-8%). 

In an effort to improve the yield of the dimethanesulphonylarabitol, a portion (5-0 g.) of the 
oily precursor was treated at 100° with 9N-acetic acid (30 ml.) and 10N-hydrochloric acid (1-0 ml.) 
for 30min. The solution was concentrated to a syrup, which was dried by repeated evaporation 
with ethanol, followed by desiccation. The gummy solid so formed was triturated with 2:1 
ether—methanol (15 ml.), collected, and recrystallized from methanol, to yield 2,5-anhydro-1,4- 
di-O-methanesulphonyl-p-arabitol (0-15 g.), blades, m. p. 153—154°, [a],,2° +21° (c 2 in pyridine) 
(Found: C, 29-1; H, 4-9; S, 21-5%), giving an O-acetyl derivative, needles, m. p. 75—76° from 
ethyl acetate—hexane (Found: C, 32-45; H, 4-7; S, 18-95. C,H,,0,S, requires C, 32-5; H, 4-85; 
S, 19-3%). 

Evaporation of the mother-liquors from the preparation of the anhydrodimethanesulphonyl- 
arabitol above, and acetylation of the residue, gave, as the only water-insoluble product, 2,3-di- 
O-acetyl-1,4,5-tri-O-methanesulphonyl-p-arabitol (0-25g.), needles (fromethanol), m.p. 128—130°, 
[a],,°° +5° (c 2 in pyridine) (Found: C, 30-6; H, 4-8; S, 19-9. C,.H,,0,3;5, requires C, 30-6; 
H, 4-7; S, 20-4%). 

Treatment of 2,3-O-benzylidene-p-arabitol (2-0 g.) in pyridine with methanesulphonyl 
chloride (3 mol.) gave a syrup, from which crystallized slowly the anhydrodi-O-methane- 
sulphonyl-p-arabitol (0-3 g.), m. p. 153—154°, previously obtained. Acetylation of the uncrystal- 
lizable fraction gave the diacetyltrimethanesulphony] derivative (2-2 g.), m. p. 128—130°. 

1,6-Di-O-methanesulphonyl-b-mannitol.—(a) Reaction of 1,2:5,6-dianhydro-3,4-O-isopropyli- 
dene-p-mannitol (prepared from 1,6-dichloro-1,6-dideoxy-p-mannitol 1%) (3-7 g.) with methane- 
sulphonic acid (2 mol.) in ether, as above, gave an oil which failed to crystallize on prolonged 
desiccation but did so rapidly when kept in an open vessel. Trituration with methanol—ether 
left a solid (1-5 g.; m. p. 127—130°) which, recrystallized from methanol, gave 1,6-di-O- 
methanesulphonyl-p-mannitol, blades, m. p. 134—135°, [a],,"> +5-5° (c 2 in water) (Found: C, 28-3; 
H, 5:4; S, 19-0. . C,H,,0,9S, requires C, 28-4; H, 5-4; S, 18-95%). This product, soluble in 
5 parts of water at 25°, consumed 1-96 mol. of 0-03M-sodium metaperiodate within 40 sec. The 
tetyva-O-acetyl derivative formed prisms (from ethanol—butan-2-one), m. p. 163—164°, [a],,7* +21° 
(c 2 in acetone) (Found: C, 37-75; .H, 5-1; S, 12-4. C,,H,,0,,S, requires C, 37-9; H, 5-2; 
S, 12-7%), and the tetra-O-benzoyl derivative, plates (from ethanol—butan-2-one), m. p. 158—159°, 
(a|,,2° +31° (c 2 in acetone) (Found: C, 57-25; H, 4-7; S, 8-25. C3.H3,0,,S, requires C, 57-3; 
H, 4-55; S, 85%). In subsequent experiments, the dimethanesulphonylmannitol was 
consistently obtained in yields of up to 28% by aspirating moist air over the gummy product. 
Acetylation of the uncrystallizable residues from these preparations gave only traces of water- 
insoluble material. 

(b) Methanesulphonation of 2,3:4,5-di-O-benzylidene-p-mannitol '4 gave 2,3:4,5-di-O- 
benzylidene-1,6-di-O-methanesulphonyl-p-mannitol, prisms (from ethanol), m. p. 134—135° 
(Found: C, 51-25; H, 5-25; S, 12-2. C,.H,.g0,9S, requires C, 51:3; H, 5-1; S, 12:5%). This 
product (6-0 g.) was dissolved in an ice-cold mixture of acetic anhydride (250 ml.), acetic acid 
(200 ml.), and sulphuric acid (7 ml.), and left overnight at room temperature. The solution 
was poured into ice-water (1-7 kg.) and stirred at 3° for 3 hr., and the precipitate so formed was 
recrystallized from ethanol—butan-2-one, to give 2,3,4,5-tetra-O-acetyl-1,6-di-O-methane- 
sulphonyl-p-mannitol (3-5 g.), identical with the product previously obtained. This compound 
(15 g.) was treated with methanolic hydrogen chloride as before; evaporation of the solvent 
left a solid, which was triturated with ethyl acetate, collected, and crystallized from methanol 
to give 1,6-di-O-methanesulphonyl-p-mannitol (6-9 g.). This material, and its tetra-acetyl and 
-benzoy] derivative, did not depress the m. p. of the corresponding products previously obtained. 
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(c) 2,3,4,5-Tetra-O-acetyl-1,6-dideoxy-1,6-di-iodo-D-mannitol, cubes (from hexane), m. p. 
76—77°, {a],?° +24° (c 2 in methanol) (Found: C, 28-9; H, 3-5; I, 44-5. C,gH9I,0, requires 
C, 29-5; H, 3-5; I, 44-5%), was prepared by acetylation of 1,6-dideoxy-1,6-di-iodo-p-mannitol #* 
or by the reaction of 1,6-dichloro-1,6-dideoxy-p-mannitol with sodium acetate and sodium 
iodide in boiling acetic anhydride. It (1-3 g.) was treated with silver methanesulphonate 
(2 mol.) in benzene, as above. Filtration of the mixture and extraction of the residue with 
ethyl acetate afforded 2,3,4,5-tetra-O-acetyl-1,6-di-O-methanesulphonyl-p-mannitol (0-11 g.), 
identical with the product previously obtained. 

(d) A stirred suspension of D-mannitol (36 g.) in pyridine (200 ml.) was treated dropwise, at 
3° during 2 hr., with methanesulphonyl chloride (48 g., 2-0 mol.). After a further 2 hr., a 
solution of acetic anhydride (84 g., 4 mol.) in pyridine (150 ml.) was added, as before, after 
which the mixture was left overnight at room temperature, then cooled once more to 3°. Water 
(22 g.) was added, the clear solution resulting was poured on ice (1-3 kg.), and the precipitate 
was crystallized, first from ethanol—butan-2-one, and then from ethyl acetate, to give crude 
2,3,4,5-tetra-O-acetyl-1,6-di-O-methanesulphonyl-p-mannitol (26 g.). The m. p. of this 
product, 146—148°, {{«),,2* +21° (c 2 in acetone) (Found: C, 36-6; H, 5-2; S, 15-4%)} was not 
raised significantly by further recrystallization. Methanolysis of this material (21 g.), in the 
usual way, gave a sticky solid which, after trituration with ethyl acetate (50 ml.) and recrystal- 
lization from methanol, gave pure 1,6-di-O-methanesulphonyl-p-mannitol (4:2 g.). The 
ethyl acetate washings slowly deposited a bulky water-insoluble solid, which recrystallized 
from ethanol to give a tri-O-methanesulphonyl-D-mannitol (1-3 g.), rosettes of needles, m. p. 
134—136° (decomp.), raised by recrystallization to 143--144° (decomp.) (rapid heating), [a], 
+ 14° (c 2 in acetone) (Found: C, 26-1; H, 4-8; S, 22-7. C,gH,..O,.5, requires C, 25-95; H, 4-85; 
S, 23-1%). The tri-O-acetyl derivative formed prisms (from ethanol—butan-2-one), m. p. 147 
148°, {a],,2> +19° (c 2 in acetone) (Found: C, 33-15; H, 4:5; S, 17-6. C,;H.,.0,,S, requires 
C, 33-2; H, 4-8; S, 17-7%). The triacetyltrimethanesulphonylmannitol (22 g.) was kept at 
100° for 6 hr. with sodium iodide (18-5 g., 2 mol.) in acetone (125 ml.)._ The cooled mixture was 
filtered, and the residue washed with acetone and dried, to yield sodium methanesulphonate 
(8-9 g., 1:85 mol.). The total filtrate was evaporated, and the residue dissolved in chloroform, 
washed with aqueous thiosulphate to remove a trace of iodine, then with water, and dried 
(MgSO,). Evaporation left an uncrystallizable syrup. 

1,6-Di-O-methanesulphonyl-p-mannitol (5-0 g.) in pyridine (20 ml.) was treated at 3° with 
methanesulphonyl chloride (1-3 g., 0-8 mol.). After 4 hr. the mixture was poured into ice- 
water (150 ml.), but no trimethanesulphonylmannitol was precipitated, even on seeding and 
refrigeration. The solution was evaporated to a gum, which was freed from an excess of 
pyridine by further evaporation with water, and then taken up in ethyl acetate. The solution 
was washed with water, dried (MgSO,), and evaporated to a syrup which crystallized in part 
on desiccation. Trituration with ethyl acetate, followed by recrystallization from ethanol, 
gave the trimethanesulphonylmannitol (0-16 g.) previously obtained. 

1,6-Di-O-methanesulphonyl-t-mannitol, prepared as in (d) above from L-mannitol *? (14% 
overall yield), had m. p. 133—134°, [a],,2> —5-5° (c 2 in water). The racemic mixture of the 
p- and the L-derivative had m. p. 121—122°. 

2,3,4,5-Tetra-O-acetyl-1,6-di-O-methanesulphonyl-p-glucitol. —2,4-O-Benzylidene-p-glucitol 1 
(27 g.) in pyridine (100 ml.) was treated dropwise at 3° with methanesulphonyl chloride (23 g., 
2 mol.) during 30 min. After a further 2 hr., ice-water (300 ml.) was added, and the precipitate 
so formed was collected, washed, dried, and recrystallized from ethanol—acetone, to give 2,4-O- 
benzylidene-1,6-di-O-methanesulphonyl-p-glucitol (19 g.), needles, m. p. 150—151°, [a],** +16° 
(c 2 in acetone) (Found: C, 41-7; H, 5-2; S, 14:7. C,;H..O9S, requires C, 42:2; H, 5-2; 
S, 150%). The di-O-acetyl derivative formed rhombs (from ethanol—2-methoxyethanol), m. p. 
142—143°, {a],,2* —13° (c 2 in acetone) (Found: C, 45-15; H, 5-15; S, 12-3. CygH,,0,25, 
requires C, 44-7; H, 5-1; S, 12-6%). 

An ice-cooled suspension of 2,4-O-benzylidene-1,6-di-O-methanesulphonyl-p-glucitol (36 g.) 
in acetic anhydride (550 ml.) and acetic acid (240 ml.) was treated dropwise during 45 min. with 
sulphuric acid (16 ml.). The clear solution so formed was kept at 3° for 1 hr. more, concen- 
trated to half-volume (40 min. at 50°), cooled, and poured into ice-water (400 ml.). The 
stirred solution was kept at 3° for 15 hr. and the precipitate was recrystallized from methanol-— 
ether, to give 2,3,4,5-tetra-O-acetyl-1,6-di-O-methanesulphonyl-p-glucitol (74 g.), needles, m. p. 
32 Kuhn and Klesse, Chem. Ber., 1958, 91, 1989. 
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99—100°, {aJ,,2° + 16° (c 2 in methanol) (Found: C, 38-3; H, 5-3; S, 12-2%). This compound 
decomposed slowly at room temperature, with loss of acetic acid. 

Acetolysis, similarly, of the di-O-methanesulphonyl derivative of 2,4:3,5-di-O-benzylidene-p- 
glucitol 1” [felted needles from acetone, m. p. 174—175° (Found: C, 51-5; H, 5°55; S, 12-4%)] 
(11 g.) gave the same tetra-acetyldimethanesulphonylglucitol (6-7 g.). When the reaction 
mixture from such a run was added directly to water, without prior concentration to half- 
volume, the precipitated solid (1-5 g.) proved to be the diacetylbenzylidenedimethanesulphonyl- 
glucitol previously prepared from 2,4-O-benzylidene-p-glucitol. The tetra-acetyldimethane- 
sulphonylglucitol was, however, isolated from the aqueous mother-liquor by neutralization 
with sodium hydrogen carbonate and ether-extraction. 

2,3,4,5-Tetra-O-acetyl-1,6-di-O-methanesulphonylgalactitol—_The only identifiable product 
of the reaction of galactitol (36 g.) with methanesulphony] chloride (2 mol.) and acetic anhydride 
(4 mol.), in the usual way, was hexa-O-acetylgalactitol (5-5 g.). Reaction of galactitol (11 g.) 
with methanesulphonyl chloride (2 mol.) gave unchanged galactitol (4 g.), and a penta-O- 
methanesulphonyl-pi-galactitol (1-6 g.), needles (from 2-methoxyethanol), m. p. 185—187° 
(decomp.) (Found: C, 22-9; H, 4:3; S, 27-5. C,,H,4O,,S,; requires C, 23-05; H, 4-2; S, 28-0%). 
The use of tertiary bases other than pyridine in these reactions was equally unsuccessful. The 
required dimethanesulphonyltetra-acetylgalactitol was, however, prepared by the following 
methods: 

(a) 2,3,4,5-Tetra-O-acetyl-1,6-dibromo-1,6-dideoxygalactitol (obtained 1% from hexa-O- 
acetyl-p-glucitol) (4-7 g.) was treated with silver methanesulphonate (2 mol.) in benzene, as 
above. Filtration of the mixture and extraction of the residue with boiling dioxan (200 ml.) 
afforded 2,3,4,5-tetra-O-acetyl-1,6-di-O-methanesulphonylgalactitol (1-2 g.), rhombs, m. p. 168— 
171° (decomp.) raised by recrystallization to 173—175° (decomp.) (Found: C, 38-1; H, 5:2; 
S, 12-6%). ; 

(6) Condensation !® of 1,6-di-O-benzoylgalactitol with benzaldehyde in the presence of 
hydrogen chloride or zinc chloride gave mixtures of the stereoisomeric dibenzoyldibenzylidene- 
galactitols, which were separated by fractional crystallization. From these, by successive 
debenzoylation and methanesulphonation, were prepared the stereoisomeric 2,3,4,5-di-O- 
benzylidene-1,6-di-O-methanesulphonylgalactitols [‘‘ Series I,”’ needles (from ethanol), m. p. 
144—145° (Found: C, 51-3; H, 5-05; S, 12:1. CysHegQi9S, requires C, 51-3; H, 5-1; 
S, 12-5%); “‘ Series II,” needles (from ethanol-dioxan), m. p. 152—153° (Found: C, 51-4; 
H, 5-0;. S, 12-4%)]. Acetolysis of either of these compounds, as described for 2,3:4,5-di-O- 
benzylidene-1,6-di-O-methanesulphonyl-p-mannitol, gave almost quantitative yields of the 
tetra-acetyldimethanesulphonylgalactitol previously obtained. 

(c) Tetra-O-acetylgalactaric acid (55 g.) was boiled under reflux for 4 hr. with thionyl 
chloride (290 g.) and pyridine (0-5 ml.). The solid which crystallized on cooling was collected, 
washed with ether, and dried, to give the acid chloride (50 g.), further purification of which was 
unnecessary. This product (16 g.) was added to a stirred suspension of 5% palladium-—charcoal 
(4-0 g.) in boiling xylene (160 ml.). Hydrogen was passed over the surface of the mixture, and 
the effluent gas titrated with alkali, until, after 35 min., 2 mol. of hydrogen chloride had been 
liberated. The cooled mixture was filtered and the residue extracted with boiling ethyl 
acetate, to yield tetra-O-acetylgalactodiose (9-5 g.), plates, m. p. 175—-177° (decomp.) (lit.,?° 
m. p. 189°) (Found: C, 48-6; H, 5-3. Calc. for C,gH,,O,5: C, 48-6; H, 5-2%), giving a bis-2,4- 
dinitrophenylhydrazone, yellow needles (from dimethylformamide-ethanol), charring ca. 220° 
(Found: C, 44-5; H, 4-1; N, 15-9. C,g.H,,N,O,, requires C, 44-2; H, 3-7; N, 15-9%). 

The dialdehyde (25 g.) in ethanol (100 ml.) containing Raney nickel (7 g.) was hydrogenated 
at 45°/75 atm. during 15 hr. The mixture was treated with boiling ethanol (700 ml.) and 
filtered, and the solution refrigerated, to yield 2,3,4,5-tetra-O-acetylgalactitoj (21 g.), plates, m. p. 
169—170°, decomposing slowly at room temperature (Found: C, 48-2; H, 6:4. C,gH2.0O19 
requires C, 48-0; H, 6-3%). Methanesulphonation of this product gave a quantitative yield 
of the tetra-acetyldimethanesulphonylgalactitol previously obtained. 

The tetra-acetyldimethanesulphonylgalactitol was insoluble in methanolic or ethanolic 
hydrogen chloride, and was recovered unchanged after prolonged boiling. Dissolution could 
be effected, however, in mixtures containing dioxan but, then, the only product of the reaction 
was a dark oil. 

Hydrolysis of the Di-isopropylidenedimethanesulphonylgalactitols—The di-O-methanesul- 
phonyl derivative of 2,3:4,5-di-O-isopropylidenegalactitol #1 [rhombs from ethanol—butan-2-one, 
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m. p. 153—154° (Found: C, 40-2; H, 6-1; S, 15-2. C,,H.,0,9S, requires C, 40-2; H, 6-1; 
S, 15-3%)] (14 g.) was heated at 100° with 80% acetic acid (400 ml.) till dissolution was complete 
(40 min.). The solution was concentrated to a syrup (30 min. at 45°) from which water (3 x 30 
ml.) was further evaporated. The residue, after desiccation, solidified on trituration with ether, 
and was collected and crystallized from ethanol, to give a water-soluble product (5-0 g.), m. p. 
125—128°. Recrystallization afforded an anhydro-O-methanesulphonyl-pt-galactitol, needles, 
m. p. 136—137° (Found: C, 34-8; H, 5-8; S, 12-9. C,H,,0,S requires C, 34:7; H, 5-8; S, 
13-2%), giving a tri-O-benzoyl derivative, needles (from ethanol—butan-2-one), m. p. 134—135° 
(Found: C, 60-5; H, 4-8; S, 5-4. C,,H,,0,)S requires C, 60-6; H, 4-7; S, 58%). 

Hydrolysis, likewise, of the di-O-methanesulphonyl derivative of 2,3:5,6-di-O-isopropylidene- 
DL-galactitol 4 [needles (from ethanol), m. p. 148—149° (Found: C, 39-8; H, 6-2; S, 14-9%)], 
gave 1,4-di-O-methanesulphonyl-pi-galactitol (3-3 g.), needles (from methanol-ether), m. p. 
105—110° raised by recrystallization to 116—118° (Found: C, 28-6; H, 5-15; S, 18-7%). 
The tetra-O-acetyl derivative formed plates (from ethanol), m. p. 128—129° (Found: C, 37-8; 
H, 5-1; S, 126%). 
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711. Some aw-Di(phenanthridin-6-yl)alkanes. 
By B.-L. HOLLINGSworTH and V. PETROw. 


The preparation of some NWN’-di-(2-biphenylyl)alkylenediamines and 
their cyclisation to the corresponding aw-di(phenanthridin-6-yl)alkanes 
are described. 


SOME aw-di(phenanthridin-6-yl)alkanes, which are structurally similar to emetine and were 
required for biological study as possible amcebicides, have been prepared. 

Morgan and Walls! prepared 6-substituted phenanthridines by cyclisation of 2-acyl- 
amidobiphenyls with phosphorus oxychloride. Ritchie? extended this method to 
NN'-di-(2-biphenylyl)adipamide (I; = 4) obtaining 1,4-di(phenanthridin-6-yl)butane 
(II; m = 4) in low yield, together with a second, unidentified compound. We now find 
that, when ring closure is effected by phosphorus oxychloride in nitrobenzene, 1,4-di- 
(phenanthridin-6-yl)butane is formed in 50% yield, without the second compound 
described by Ritchie.2, The pentane, hexane, heptane, octane, and decane compounds 
(Il; » = 5—8, 10) have now been prepared similarly in 55—80% yield, but the glutar- 
amide derivative (I; = 3) resisted attempts at ring closure, even under experimental 
conditions that led to extensive resinification (cf. Ritchie ?). 

Attempts to prepare amino-derivatives of compounds (II) by extending the ring closure 
to nitro-derivative of adipamide (I; = 4) failed: This was not entirely unexpected, as 
Walls * had shown that cyclisation of 2-acetamido-4’-nitrobipheny] gives only a negligible 
yield of 6-methyl-8-nitrophenanthridine, presumably owing to the deactivating influence 
of the nitro-substituent. Aminophenanthridines were later prepared by Petrow * and by 
Walls® by reducing 2-acylamido-nitrobiphenyls and protecting the amino-group by 
benzoylation or by ethoxycarbonylation before cyclisation. 


1 Morgan and Walls, J., 1931, 2447. 

2 Ritchie, J. Proc. Roy. Soc. New South Wales, 1944, '78, 155. 
3? Walls, J., 1932, 2229. 

* Petrow, J., 1945, 18. 

5 Walls, J., 1947, 67. 
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Accordingly the 5-nitro-2-biphenylyl-amide was reduced and benzoylated, but this 
product and its 4’-benzamido-isomer resisted cyclisation by phosphorus oxychloride alone 
or in nitrobenzene. The desired ring closures were achieved, however, by using the 5- 
and the 4’-ethoxycarbonylamino-derivatives. 


& G0 a. 
| [cH.], ‘y 
NH-CO-[CH2],-CO-NH N N 
Gn US ae 
(I) . (II) 4 2 


The di(phenanthridin-6-yl)alkanes (II) are fairly high-melting, rather insoluble 
compounds, readily form quaternary salts and picrates, and exhibit the characteristic 
phenanthridine blue fluorescence in sulphuric acid. The quaternary salts are somewhat 
unstable in solution and have no biological activity. 

1,4-Di(phenanthridin-6-yl)butane has slight action against Entamoeba histolytica in vivo 
and in vitro. 

EXPERIMENTAL 


The following acid chlorides were prepared by refluxing the acids with an excess of thiony] 
chloride in benzene and were repeatedly distilled under reduced pressure: glutaroyl, b. p. 
103—104°/11 mm., »,*° 1-47178, adipoyl, b. p. 118—119°/12 mm., ,*° 1-47172, pimeloyl, 
b. p. 135—136°/11 mm., 7, 1-47005, suberoyl, b. p. 147—148°/11 mm., ,?5 1-46923, 
azeloyl, b. p. 158—159°/12 mm., m,,*° 1-46749, sebacoyl, b. p. 168—169°/12 mm., »,*° 1-46864, 
and dodecanedioyl dichloride, b. p. 192—193°/11 mm., ,?*> 1-46814. 

NN’-Di-(2-biphenylyl)adipamide.—2-Aminobiphenyl (17-75 g.), adipoyl dichloride (9-2 g.), 
and dry benzene (70 ml.) were gently refluxed until evolution of hydrogen chloride had ceased 
(~3 hr.). The products were made alkaline with aqueous ammonia and again refluxed for a 
short time. The solution was evaporated to dryness, and the solid obtained was suspended 
in 50% ‘aqueous alcohol and refluxed for 15 min. After cooling, the precipitated solid was 
collected. It formed needles (from ethanol), m. p. 174—175° (Found: C, 80-3; H, 6-3; N, 6-5. 
Calc. for CggH,,N,O,: C, 80-3; H, 6-3; N, 6-3%) (yield 95%). Ritchie ? gives m. p. 171°. 

The compounds in Table 1 were prepared similarly. The following notes apply: 

No. 1: Ritchie gives m. p. 162°. 

No. 7: This was prepared from adipoyl dichloride and 2-amino-4-methylbipheny] * in toluene. 

No. 8: This was prepared from 2-amino-4-chlorobipheny] * in toluene. 

No. 12: This was prepared from. the 4’-nitro-compound by use of reduced iron in aqueous 
ethanol. 

No. 13: Anidentical compound was prepared by reaction of adipoyl dichloride with 2-amino- 
4’-ethoxycarbonylaminobipheny] ® in benzene. 

No. 14: This was prepared by reaction of adipoyl dichloride with 2-amino-4’-benzamido- 
biphenyl * in chlorobenzene, and by benzoylation (Schotten—Baumann) of No. 12. 

No. 16: This was prepared from the 5-nitro-compound by use of reduced iron in aqueous 
ethanol. 

1,4-Di(phenanthridin-6-yl)butane.—The amide (I; » = 4) (30 g.), dry nitrobenzene (100 ml.), 
and phosphorus oxychloride (36 ml.) were heated at 180° until evolution of hydrogen chloride, 
which at first was vigorous, had practically ceased (~1 hr.). The cooled product was poured 
on ice (300 g.) and neutralised with aqueous ammonia. The collected solid was heated in 50% 
aqueous alcohol for 30 min. The solid residue was collected and crystallised from pyridine. 
1,4-Di(phenanthridin-6-yl)butane formed very pale yellow needles, m. p. 215° (Found: C, 86-8; 
H, 5-8; N, 6-7. Calc. for CysgH,,N,: C, 87-4; H, 5-7; N, 68%) (yield 50%). Ritchie ? gives 
m. p. 214°. It is soluble in pyridine, nitrobenzene, and glacial acetic acid, but only sparingly 
soluble in other organic solvents. 

The dimethosulphate, white needles, m. p. 287° (decomp.) (Found: S, 9-6. C3,H3,N,O,5S, 


* Hollingsworth and Petrow, /., in the press. 
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requires S, 9-6%) after crystallisation from aqueous alcohol, was prepared by use of dimethyl 
sulphate in nearly boiling nitrobenzene (yield 80%). With aqueous potassium iodide it gave 
the yellow dimethiodide (95%), m. p. 278—280° (decomp.) [from alcohol-light petroleum (b. p. 
80—100°)] (Found: I, 36-1. C,,9H,,N,,2CH,I requires I, 36-59%). On repeated recrystallisation 
this formed the monomethiodide, also yellow, m. p. 274° (decomp.) (Found: I, 23-2. 
Cy9H,,N,,CH,I requires I, 22-9%), that with wet silver chloride in boiling absolute alcohol gave 
the white monomethochloride, needles (60%) (from alcohol—-ether), m. p. 228—229° (decomp.) 
(Found: Cl, 7-5. C3 9H.,N,,CH;Cl requires Cl, 7-7%). 

1,5-Di(phenanthridin-6-yl)pentane di-isethionate, white prisms (from alcohol—acetone), 
m. p. 173—174° (Found: S, 9-3. C3;H;,N,0,S, requires S, 9-4%), was obtained (70%) by 
treating the base with isethionic acid in boiling alcohol: it was easily soluble in alcohol and 
water, but practically insoluble in non-ionic solvents. 

The compounds in Table 2 were prepared similarly. Compound 10 was recovered unchanged 
after 5 hours’ refluxing in fuming hydrochloric acid, and after 2 hours’ in 70% sulphuric acid 
at 150°. 


This work was commenced at Queen Mary College (University of London), during the period 
1946—1948. 
QUEEN Mary ConLeGceE (UNIVERSITY OF Lonpow), E.1. 


(B. L. H.) Ministry OF AVIATION, WALTHAM ABBEY, ESSEX. 
(V. P.) THe British Druc Houses, Ltp., Lonpon, N.1. (Received, March 3rd, 1961.} 





712. The Degradation of Xylans by Alkali. 
By G. O. ASPINALL, C. T. GREENWooD, and R. J. STURGEON. 


The degradation of some xylans by dilute alkali at room temperature has 
been followed by (i) analysis of the acids of low molecular weight formed and 
(ii) determination of the molecular weights. An alkali-stable polysaccharide 
is formed by reduction of rye-flour arabinoxylan with potassium boro- 
hydride. ,Only slight degradation occurs when this xylan is methylated 
under alkaline conditions. The results indicate that, under the conditions 
normally employed for their extraction from plant tissues, alkaline degrad- 
ation of xylans is slow and proceeds only from the reducing end-group. The 
effect of side chains attached to position 3 of sugar residues in a 1,4-linked 
polysaccharide on the progress of the degradation reaction is discussed. 


THE majority of xylans from land plants require the use ‘of alkaline solutions for their 
removal from the plant, but the extent to which these polysaccharides are structurally 
modified during their isolation has not yet been assessed. Alkaline degradation of poly- 
saccharides |? proceeds in a stepwise manner with formation of saccharinic acids * and 
exposure of new reducing groups until this ‘ peeling” reaction is intercepted by a 
“stopping ’”’ reaction, as with cellulose* and amylose. With certain exceptions ® 
glycosides are stable to alkali under mild conditions, but under drastic conditions 7 may 
be degraded by alkali, and there is evidence that during the alkaline refining of wood pulp 
fission of glycosidic linkages in the middle of chains of cellulose * and hemicelluloses ® leads 
to exposure of new reducing groups from which further “ peeling ’’ may ensue. In this 


1 Kenner and Richards, J., 1957, 3019 and earlier papers. 

2 Whistler and BeMiller, Adv. Carbohydrate Chem., 1958, 18, 289. 

3 Sowden, Adv. Carbohydrate Chem., 1957, 12, 36. 

* (a) Richards and Sephton, J., 1957, 4492; (6) Machell and Richards, J., 1957, 4500. 

5 Machell and Richards, J., 1958, 1199. 

® Ballou, Adv. Carbohydrate Chem., 1954, 9, 59. 

7 Janson and Lindberg, Acta Chem. Scand., 1959, 18, 138 and earlier papers. 

§ Samuelson and Wennerblom, Svensk Papperstidn., 1954, 57, 827; Franzon and Samuelson, ibid., 
1957, 60, 720, 872. 


Hamilton, Partlow, and Thompson, Tappi, 1958, 41, 803, 811. 
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paper a study of the alkaline degradation of some xylans under conditions normally 
employed for their isolation is reported. The majority of experiments were carried out on 
rye-flour arabinoxylan,!™ one of the few polysaccharides of this group which may be 
isolated without the use of alkaline reagents. 

Xyloisosaccharinolactone (A) is the main product from the alkaline degradation of 
xylobiose and xylotriose,!*1* but non-lactonisable acids are also formed, presumably by 
fragmentation of the sugars or of the 1,2-dicarbonyl compounds, which are intermediates 
in saccharinic acid formation. Further information has now been obtained on the 
degradative reactions of 4-O-substituted D-xylose derivatives by a study of the action of 
alkali on 4-O-methyl-p-xylose. Although it has not been possible to account for all the 
acid products, the major product (0-65 mol. per mol.) was xyloisosaccharinic acid, isolated 
as the crystalline lactone (A). Traces of two other lactonisable acids were detected by 
paper chromatography. Formic acid was also characterised but no other non-lactonisable 
acid could be detected. 











CH,°OH a ) co 
C(OH)CO ins | ind 
O 
CH, oH yn 
CH,—O HC J " 
CH,‘OH CH,'OH 
(A) (B) (C) 


A number of xylans were then treated with dilute aqueous sodium hydroxide at room 
temperature in the absence of oxygen. The solutions were kept until no further acidic 
degradation products were formed. The degraded polysaccharides were isolated and the 
carboxylic acids of low molecular weight were examined (see Tables 1 and 2). As with 
simple 4-O-substituted xylose derivatives, xyloisosaccharinolactone (A) was detected as an 
important product in each case. However, as in the alkaline degradation of cellulose 4 
and amylose,® non-lactonisable acids, including formic, lactic, and probably glycollic acid, 
were also formed in appreciable amounts. Hydrolysis of the alkali-degraded rye-flour 
arabinoxylan gave, in addition to neutral sugars, a mixture of two lactonisable acids which 
were chromatographically indistinguishable from xylometasaccharinolactones [3-deoxy- 
erythro- and 3-deoxy-threo-pentonic acid lactones (B and C)]. Termination of the alkaline 
degradation of this polysaccharide, therefore, results from a re-arrangement of a reducing 
end group to give a metasaccharinic acid residue (as with cellulose * and amylose 5). 


TABLE 1. Paper chromatography of acidic degradation products from xylans. 


Saccharinic ; 

Xylan degraded Iso Meta Glycollic Lactic Lactyl-lactic Others 
Rye flour B............ ++ Tr. see +++ ++ 4-4 
Reduced rye flour B ... -- - — — one - 
Barley husks ............ + -+ Tr. + +++ + ++. 
Oat straw A ...c...00s. ++ Li 2 aie +++ + -}: 4. 
CPC MRE BP cccccsesence ++ Tr. ++ ++ oj. be oe 


(Iso = xyloisosaccharinolactone; meta = xylometasaccharinolactone.) 


Number-average molecular weights of the xylans and the derived alkali-stable poly- 
saccharides were determined on their acetylated derivatives by isothermal distillation in 


10 Preece and Hobkirk, J. Inst. Brewing, 1953, 59, 385. 

11 (a) Aspinall and Sturgeon, J., 1957, 4469; (b) Aspinall, Cairncross, Wilkie, and Sturgeon, J., 1960, 
3881; (c) Aspinall and Cairncross, J., 1960, 3998. 

12 Whistler and Corbett, J. Amer. Chem. Soc., 1956, 78, 1003. 

13 Aspinall, Carter, and Los, J., 1956, 4807. 

14 Machell and Richards, J., 1960, 1924, 1932, 1938. 
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1,3-dioxolan. Benzene was preferred as a solvent for methylated polysaccharides. The 
values obtained are shown in Table 3. 


TABLE 2. Analysis of acidic degradation products from xylans. 


Terminal L-arabinofuranose Total Formic Lactic 
Xylan degraded residues (approx. %) acid acid acid 
BO TEE Bs vacrntamiatesecsonst 30 170 17-6 57-7 
Reduced rye flour B ............ 30 Nil Nil Nil 
RN TNE sissscnceaseiaaniuees 5* 86 16-1 10-8 
Ge ER Aves ccrcccasavedars 6 129 10-8 19-5 
Ce WEED | nc siacecessascssasenss 3 117 22-8 4:8 


(Quantities of acids are expressed as mequiv. per pentose residue taken.) 
* The xylan from barley husks also contains some 2-O-substituted L-arabinofuranose residues 
which would not be degraded further under the conditions employed. 


TABLE 3. Number-average molecular weights of acetylated and methylated polysaccharides. 


Degree of 

Polysaccharide Derivative Mol, wt. polymern., 
Pee SEE, ica sicticevessiiaissiiisionicasees Acetate 13,200 + 500 64+ 3 
Pee EB, | vncncecnncinicenispecuincinseonennss Methylated (i) * 9,100 + 500 57+ 3 
Se SINE BD nciviceeccccovassnsenseucsensssceceune Acetate 15,700 + 500 72+ 3 
Se NIUE sasesncetscchesnsisasiicnesesmsiouns Methylated (i) * 10,800 + 500 67 + 3 
Be SIE BB sin siicntinsdeasccencecacismmisines Methylated (ii) * 10,400 + 500 65 + 3 
Alkali-degraded rye arabinoxylan B ............... Acetate 12,500 + 500 58+ 3 
Reduced rye arabinoxylan B _..............sscecseees Acetate 15,100 + 500 70 +3 
Alkali-degraded reduced rye arabinoxylan-B....... Acetate 15,100 + 500 70+ 3 
I I 5 daca dedcrtadkernsinnsctercisvemncints Acetate 18,200 + 500 84+ 3 
Alkali-degraded barley-husk xylan ..............006 Acetate 14,500 + 500 67+ 3 


* Prepared by (i) direct methylation of the polysaccharide and (ii) simultaneous methylation and 
deacetylation of the acetylated polysaccharide. 


The results show that the alkaline degradation of the arabinoxylans from rye flour 11 
and from barley husks ® caused a reduction of ca. 20% in molecular weight before the 
alkaline erosion was terminated. Reaction, however, is slow under these conditions and 
the period of reaction (20—25 days) considerably longer than those normally used in the 
extractions of xylans. It is probable, therefore, that relatively little degradation occurs 
when xylans are extracted from plant tissues with dilue alkali at room temperatures. 

When rye-flour arabinoxylan was treated with potassium borohydride an alkali-stable 
polysaccharide was formed since treatment of the reduced polysaccharide with alkali 
resulted in neither production of acid nor decrease in molecular weight. It follows that 
under these conditions the observed degradations proceeded solely from the reducing 
groups of the polysaccharides, and that there was no evidence for random chain scission 
arising from alkaline hydrolysis of glycosidic linkages. It is possible that the cleavage of 
glycosidic linkages by alkali might not be readily detected by analysis of acids of low 
molecular weight, but the number-average molecular weights of the resulting polysaccharide 
provide a much more sensitive test for a reaction involving the breaking of only a few 
bonds per molecule. It may be noted that modification of reducing end groups in cellulose 
by reduction 118 and selective oxidation '* has increased the alkali-stability of the poly- 
saccharide. : 

It is of interest that the oat-straw xylans }® which were extracted from the straw after 
removal of lignin with chlorous acid were still susceptible to the action of alkali. Whistler 
and Corbett !* have reported that maize-cob xylan, isolated in a similar manner, is stable to 
alkali and have suggested that the reducing groups of the polysaccharide had been oxidised 

18 Aspinall and Ferrier, J., 1957, 4188. 

16 Richtzenhain, Lindgren, Abrahamsson, and Holmberg, Svensk Papperstidn., 1954, 57, 363. 

17 Head, J. Textile Inst., 1955, 46, T584. 


8 Meller, Tappi, 1951, 34, 171; 1952, 35, 72; 1953, 36, 366; Holzforschung, 1960, 14, 78, 129. 
® Aspinall and Wilkie, J., 1956, 1072. 


~ 
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to aldonic acids with chlorous acid. Our results suggest that not all the reducing end 
groups are necessarily accessible to the reagent in this heterogeneous reaction. 

In order to assess the extent of alkaline degradation which may take place when poly- 
saccharides are methylated under alkaline conditions, rye-flour arabinoxylan was con- 
verted into the methylated derivative with methyl sulphate and sodium hydroxide, both 
by direct reaction and by simultaneous deacetylation and methylation of the acetylated 
polysaccharide. Molecular-weight determinations (Table 3) showed that the methylation 
procedure caused only a small decrease in degree of polymerisation. It is probable that 
glycosidation of the reducing groups takes place rapidly to give an alkali-stable poly- 
saccharide before the alkaline erosion has proceeded far: stabilisation of cellulose towards 
alkali by glycosidation has been observed by Reeves et al.,?® Meller,1® and Machell and 
Richards.” 

The main features of the alkaline degradation of linear 1,4-linked polysaccharides by 
erosion from the reducing end have been established for cellulose * and amylose.’ It is 
clear from this and earlier }*-1% studies that 1,4-linked xylans are also degraded in a step- 
wise manner with the formation in this case of xyloisosaccharinic acid as the major product. 
The xylans studied in this investigation, however, contained varying proportions of other 
sugar residues attached as side chains, mostly single L-arabinofuranose end groups linked 
to position 3 of D-xylose residues in the main chains. Whistler and BeMiller? have 
suggested that in a 1,4-linked polysaccharide the action of alkali on a reducing group 
which carried a branch at C;,) would result in the elimination of the side chain together 
with rearrangement of the reducing group to an alkali-stable metasaccharinic acid 
residue. Hitherto direct experimental evidence on this point has not been available. 
Two observations from these experiments suggest that the alkaline erosion of arabinoxylans 
is not necessarily arrested at such branching points. First, the decrease in degree of 
polymerisation of rye-flour arabinoxylan on treatment with alkali was considerably 
greater than would be expected if degradation were stopped at the first branching point, 
as this polysaccharide contains L-arabinofuranose side chains attached on the average to 
every second D-xylose residue in the main chain. Secondly, the rye arabinoxylan with a 
higher proportion of arabinose side chains gave relatively larger quantities of lactic acid 
(see Table 2). Lactic acid is known to be formed by the action of alkali on L-arabinose,”” 
but has not been detected when 4-O-methyl-D-xylose, which may be regarded as a model 
compound for a 1,4-linked xylan, is treated with alkali. Since the molecular sizes of the 
xylans examined were of the same order of magnitude, and as the polysaccharides differed 
in the proportions rather than in the nature of the structural units present, it seems that 
larger amounts of lactic acid are formed from xylans containing higher proportions of 
L-arabinofuranose side chain because the alkaline erosion by-passes the branching points 
so that more than one arabinose residue per polysaccharide molecule could be eliminated. 

A possible pathway for the alkaline degradation of 3,4-di-O-substituted pentoses (I) 
involves the initial formation of an intermediate (II). If this intermediate undergoes a 
benzilic acid type of rearrangement the product (route a) would be a 4-O-substituted 
metasaccharinic acid (III). The intermediate (II), however, is also a $-alkoxycarbonyl 
compound, which, under alkaline conditions, might be expected to undergo 8-elimination 
of alkoxide ion OR’~ (route b) with the formation of (IV) or some similar compound. 
Although such degradation products have not yet been characterised, evidence in favour 
of route (d) as one of the possible stages in the degradation of 3,4-di-O-substituted pentoses 
by alkali has now been obtained by the isolation of methanol and D-xylose after treatment 
of 3-0-methyl-4-0-(8-p-xylopyranosyl)-D-xylose (I; R= Me, R’ = §-p-xylopyranosy]) 
with alkali. As far as we are aware the only previous evidence for the alkaline 


20 Reeves, Schwartz, and Giddens, J. Amer. Chem. Soc., 1946, 68, 1383. 
#1 Machell and Richards, Tappi, 1958, 41, 12. 

22 Nef, Annalen, 1910, $76, 1. 

23 Aspinall and Ross, following paper. 
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degradation of a 3,4-di-O-substituted aldose involving elimination of both substituents has 
been reported by Kuhn and Gauhe.™ 2-O-a-L-Fucopyranosyl-p-galactose and L-fucose were 
detected chromatographically as alkaline degradation products from “ lacto-di- 
fucotetraose,’’ 3-O-«-L-fucopyranosyl-4-O0-(2-O-«-L-fucopyranosyl-$-p-galactopyranosyl)-D- 
glucose. 


CHO CHO CO,H 
= in be ell 
ROCH = — p> win LA Hy 
I COR’ H*C-OR’ whew 
HOH Hy*OH CH,"OH 
1) IT) (IIT) 
CHO 
(b) Oo 
H + OR’- 
CH 
H,°OH 
(IV) 


Three reactions may now be recognised as being involved in the alkaline degradation of 
arabinoxylans: (1) the “ peeling” reaction which exposes a new reducing group in the 
main chain and is accompanied by the formation of xyloisosaccharinic acid; (2) the 
‘“ by-passing ’’ of the branching point which exposes new reducing groups in both the 
main chain and the side chain and is accompanied by the formation of unidentified inter- 
mediates; and (3) the “ stopping ’’ reaction which exposes a new reducing group in the 
side chain only and is accompanied by rearrangement of the reducing xylose residue to 
give an alkali-stable metasaccharinic acid end group. The intermediate (II), which may 
undergo benzilic acid rearrangement by route (a) or 8-elimination by route (b), would also 
be formed by elimination of hydroxyl ion from 4-O-substituted pentoses (I; R =H, 


. . 4 Xylp 4 Xylp 1—4 Xylp 
3 





Araf 1 

anal 
“ Stopping” 
. . 4 Xylp 1—4 Xylp —————> .. .. . 4 Xylp 1—4 MetaS + Arabinose 

3 
| | * By-passing”’ “Peeling” 

Araf 1 > ...4Xylp 

+ IsoS + Arabinose 


+ Degradation products 
(IsoS = isosaccharinic acid; MetaS = metasaccharinic acid.) 


R’ + H). It follows, therefore, that although the “ stopping ” reaction, which has been 
previously demonstrated in the alkaline degradation of linear 1,4-linked polysaccharides 
(cellulose * and amylose 5), is presumably preceded by the formation of the C,-analogue 
of (II), the formation of such an intermediate is not necessarily followed by rearrange- 
ment giving an alkali-stable metasaccharinic acid end group. The alternative reaction 
pathway involving 8-elimination would lead to the exposure of a new reducing end group 
and thus permit the “ peeling ’’ reaction to proceed further down the polysaccharide chain. 


24 Kuhn and Gauhe, Annalen, 1958, 611, 241. 
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EXPERIMENTAL 


The following solvents and sprays were used for paper chromatography on Whatman No. 1 
paper. Solvents: (A) propan-l-ol-ammonia (d 0-88) (3:2); (B) pentan-l-ol—ethyl acetate— 
formic acid—water (4:2: 1:3); (C) ethyl acetate—pyridine—water (10: 4:3); (D) butan-2-one 
saturated with water. Sprays: (a) ** aqueous aniline oxalate for reducing sugars; (b) ** 
hydroxylamine-—ferric chloride for lactones; (c) *? potassium iodate—potassium iodide-starch 
and (d) ** Bromocresol Green for acids; (e) 2* aqueous mercuric chloride for formic acid. 

4-O-Methyl-p-xylose was prepared by the method of Hough and Jones * and was purified 
by chromatography on cellulose, with butan-1l-ol—light petroleum (b. p. 100—120°), saturated 
with water, as eluant. After recrystallisation from methanol—water the sugar had m. p. 103— 
105° and [a|,, +44° —» + 6° (equil.) (c 1-01 in H,O) (Found: OMe, 18-5. Calc. for CgH,,0;: 
OMe, 18-9%). The sugar had Ryjamnose 1°86 in solvent D and was readily distinguishable from 
the 2- and the 3-methyl ether of p-xylose which had Rypamnose 2°00 and 2-28 respectively. The 
derived phenylosazone had m. p. 160° (Hough and Jones * report m. p. 161° for 4-O-methyl-p- 
xylosazone). 

The following polysaccharide samples were used: rye-flour arabinoxylan A, some of which 
was used in previous investigations,4! was kindly provided by Professor I. A. Preece; !° 
methylated rye arabinoxylan A, {«],, —121° (c 0-5 in CHCl;), was prepared previously; 14 rye- 
flour arabinoxylan B was isolated as described by Preece and Hobkirk and purified by 
precipitations from aqueous solution with ammonium sulphate and with acetone; oat-straw 
xylan A was unfractionated hemicellulose isolated by alkaline extraction of the chlorite holo- 
cellulose; ?® oat-straw xylan B, some of which was used in an earlier investigation,’® was 
obtained from oat-straw xylan A after several precipitations of the copper complex; barley- 
husk xylan, some of which was used in an earlier investigation, was obtained by direct alkaline 
extraction. 

Alkaline Degradation of 4-O-Methyl-p-xylose and Examination of Products.—4-O-Methyl-p- 
xylose (200-7 mg.) in oxygen-free 0-88N-sodium hydroxide (5 ml.) was set aside for 14 days. 
Sodium ions were removed with Amberlite resin IR-120(H) and the solution was made 
up to 50 ml. 

(a) Qualitative. A sample (5 ml.) was evaporated to a syrup under reduced pressure, the 
receiver being cooled with ice to trap volatile products. Methanol was identified in the first 
few drops of the distillate by oxidation to formaldehyde, which was detected by the chromo- 
tropic acid test.*1_ The rest of the distillate was neutralised with 0-018N-sodium hydroxide and 
taken to dryness. Chromatography of the sodium salts in solvent A showed formic acid (sprays 
dande) only. Formic acid was identified by conversion into the 4-bromophenacy] ester, m. p. 
and mixed m. p. 140°. Chromatography of the residual non-volatile syrup in solvent C showed 
a lactone, which was indistinguishable from xyloisosaccharinolactone, together with small 
amounts of two other lactones, Risosaccharinolactone 0°76 and 1-57, but no non-lactonisable acids. 

The lactones obtained from the degradation of a further quantity (50 mg.) of sugar were 
separated on filter sheets by using solvent C, and the main component was identified as xyloiso- 
saccharinolactone, m. p. and mixed m. p. 94—96°. 

(b) Quantitative. Samples (2 ml.) were withdrawn and titrated with carbonate-free 0-018N- 
sodium hydroxide. Acid formed corresponded to 1-12 mole per mole of sugar. Samples 
(10 ml.) were evaporated to dryness under reduced pressure (bath temp. 60°), the distillate 
being collected in an ice-cooled receiver. Water (2 x 5 ml.) was added and the contents of the 
fiask were again evaporated to dryness. The combined distillates were titrated with carbonate- 
free 0-005N-sodium hydroxide. Volatile acid corresponded to 0-13 mole per mole of sugar. A 
further quantity of distillate was boiled with freshly prepared yellow mercuric oxide for 3 hr. 
to ensure complete oxidation of formic acid to carbon dioxide.** Inorganic salts were removed 
from the cooled solution and titration with alkali indicated no volatile acids other than formic 


25 Partridge, Nature, 1949, 164, 443. 

26 Abdel-Akher and Smith, J. Amer. Chem. Soc., 1951, 78, 5859. 

27 Long, Quayle, and Stedman, /J., 1951, 2197. 

§ Cheftel, Munier, and Machebouef, Bull. Soc. Chim. biol., 1953, 35, 1095. 
*® Klein and Wenzl, Mikrochemie, 1932, 11, 73. 

3° Hough and Jones, J., 1952, 4349. 

31 Eegriwe, Mikrochim. Acta, 1937, 2, 329. 

* Evans and Hass, J. Amer. Chem. Soc., 1926, 48, 2708; see also ref. 4a. 
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acid. Samples (0-05 ml.) were evaporated to dryness to remove volatile acids, and the residual 
syrup was made up to 2 ml. with methanol—water. The solution was treated with hydroxyl- 
amine and ferric chloride as described by Kaye and Kent.** Optical densities were measured 
at 505 my and compared with those similarly measured from standard solutions of xyloiso- 
saccharinolactone. Lactonisable acid formed corresponded to 0-75 mole per mole of sugar. 

Lactonisable acids produced from 4-O-methyl-p-xylose (100 mg.) were separated on filter 
sheets by using solvent C and afforded xyloisosaccharinolactone (53-4 mg.), corresponding 
to 0-65 mole per mole of sugar. 

Reduction of Rye Arabinoxylan B.—Rye-flour arabinoxylan B (500 mg.) was dissolved in 
water (30 ml.), potassium borohydride (100 mg.) was added, and the solution was kept overnight 
at room temperature. Excess of hydride was destroyed by the addition of acetic acid and the 
reduced polysaccharide was isolated by precipitation with ethanol. 

Methylation of Rye Arabinoxylan B.—(i) Direct methylation of the polysaccharide with 
methyl sulphate and sodium hydroxide, followed by treatment with methyl iodide and silver 
oxide, afforded methylated polysaccharide, which was fractionated by dissolution in boiling 
chloroform-light petroleum (b. p. 60—80°) to give: (i) Methylated rye arabinoxylan (40 mg.) 
soluble in chloroform-light petroleum (b. p. 60—80°) (35: 65), [aJ, —118° (in CHCl,) [Found: 
OMe, 38:5%]. (ii) Methylated rye arabinoxylan B (40 mg.), soluble in chloroform—light 
petroleum (b. p. 60—80°), [a], —116° (in CHCI,) (Found: OMe, 38-6%), was prepared in a 
similar manner by methylation of acetylated rye arabinoxylan B (300 mg.). 

Acetylation of Xylans.—Xylan samples (ca. 160 mg.) were dispersed in formamide (3 ml.) at 
50°, freshly distilled pyridine (3 ml.) was added to the cooled solution during 30 min., and 
freshly distilled acetic anhydride (3 ml.) was added during 1 hr. The mixture was shaken 
overnight and poured into ice-water (100 ml.). The precipitate was washed with water 
(3 x 50 ml.) and dissolved in chloroform, the solution was dried and concentrated, and the 
acetylated xylan was precipitated by the addition of light petroleum (b. p. 60—80°) and dried 
at 70°/0-5 mm. In each case analysis *4 indicated complete acetylation. 

Alkaline Degradation of Xylans and Examination of Acidic Products—Xylan (1 g.) was 
stirred overnight with water (25 ml.), and oxygen-free 1-76N-sodium hydroxide (25 ml.) was 
added. Nitrogen was bubbled through the solution, and the flask was stoppered and kept at 
room temperature for 25 days (complete reaction). The solution was passed through a column 
of Amberlite resin IR-120(H) to remove sodium ions, and the eluate and washings were made 
up to 250ml. Aliquot parts of this solution were used for both qualitative and quantitative 
examinations. Degraded polysaccharide was precipitated from the remaining solution by the 
addition of ethanol (2 vol.). 

(a) Qualitative. Samples (25 ml.) were evaporated to dryness under reduced pressure 
(bath-temp. 60°) and the distillate was collected in an ice-cooled receiver. Water (2 x 5 ml.) 
was added to the residue, the contents were again evaporated, and the distillate was collected. 
The combined distillates were neutralised with 0-02N-sodium hydroxide and the solution was 
taken to dryness. Formic acid (as-sodium salt was identified by chromatography in solvent 
A and characterised by conversion into the 4-bromophenacy] ester, m. p. and mixed m. p. 140°. 

Ethanol (50 ml.) was added to samples (25 ml.) of the degradation products, and the 
precipitated alkali-stable polysaccharides were removed. The filtrates were concentrated 
and the resulting syrups were examined chromatographically in solvent B, with sprays c and d 
for acids and b for lactones. The acids and lactones, which were identified, are shown together 
with their relative proportions in Table 1. 

The mixture of acids and lactones from the degradation of rye arabinoxylan B (1 g.) was 
placed on a column of Amberlite resin IRA-400 (formate form). Elution with water removed 
lactones (not absorbed) and elution with 15% formic acid removed non-lactonisable acids. 
The main component of the mixture of non-lactonisable acids was characterised as lactic acid 
by conversion into the 4-bromophenacy] ester, m. p. and mixed m. p. 113°. 

(b) Quantitative. Total acids were determined by direct titration of aliquot parts of the 
reaction mixture after removal of sodiumions. Volatile acids from degradations were obtained 
on distillation, and titrations before and after boiling with an excess of freshly prepared yellow 
mercuric oxide for 3 hr. showed that formic acid was the only volatile acid. Samples (25 ml.) 


33 Kaye and Kent, J., 1953, 81. 
%4 Belcher and Codbert, ‘‘ Quantitative Organic Microanalysis,” Longmans, Green & Co., London, 
1945, p. 123. 
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of degradation mixtures were treated as before to remove alkali-stable polysaccharide, 20% w/v 
copper sulphate solution (1 ml.) was added to each non-volatile residue, and the volume was 
made up to 25 ml. with water. Lactic acid in aliquot portions (0-2—0-5 ml.) was determined 
colorimetrically by means of 4-hydroxybiphenyl according to Barnett’s procedure,®* optical 
densities being compared with those from standard lactic acid solutions. The results are 
recorded in Table 2. 

Examination of Alkali-stable Degraded Rye Avabinoxylan B.—0-05mM-Sodium acetate buffer 
(2 ml.; pH 5), “‘ Hemicellulase ’’ enzyme preparation (L. Light and Co.) (20 mg.), and toluene 
(2 ml.) were added to alkali-stable degraded rye arabinoxylan B (200 mg.) in water (10 ml.), and 
the mixture was incubated at 35° for 48 hr. to effect complete hydrolysis. The enzyme was 
inactivated by heating the solution at 100° for 2 min., sodium ions were removed by passage 
through Amberlite resin IR-120(H), and the solution was concentrated to a syrup. 
Chromatography in solvent C showed xylose and arabinose (spray a). Non-volatile acids were 
neutralised with sodium hydroxide, and the mixture of reducing sugars and salts was poured ona 
column of Amberlite resin IRA-400 (formate form). Elution with water removed reducing 
sugars, and elution with 10% formic acid desorbed acids. The acid eluate was concentrated 
and chromatography in solvent B showed two lactones (spray b) with the same mobilities as the 
metasaccharinolactones formed from p-xylose.*? 

Determination of Molecular Weights —The number-average molecular weights of the xylan 
samples were determined by isothermal distillation. The method used has been found to be 
particularly satisfactory for hemicellulose samples ** and will be reported in detail elsewhere. 
The technique adopted was essentially that described by Gee *? in which the rate of distillation 
of solvent into the solution is measured. The dynamic method requires calibration. For 
this purpose, triolein (M, 885) and tristearin (M, 891) were used. Benzene was used as the 
solvent for methylated polysaccharides and 1,3-dioxalan for acetylated polysaccharides. The 
calibration constants for different mole-fractions of the calibrating solutes were in agreement 
within +5%, and this represents the limiting accuracy of the molecular-weight results shown 
in Table 3. 


The authors thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest and advice, the 
Department of Scientific and Industrial Research for the award of a Maintenance Allowance 
(to R. J. S.), and the Rockefeller Foundation and Imperial Chemical Industries Limited 
for grants. 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF EDINBURGH. [Received, March 6th, 1961.] 


35 Barnett, Biochem. J]., 1951, 49, 527. 
36 Broatch and Greenwood, unpublished results; Broatch, Ph.D. Thesis, Edinburgh, 1956. 
37 Gee, Trans. Faraday Soc., 1940, 36, 1163. 





713. The Synthesis of 4-O-8-p-Xylopyranosyl-p-xylose and 
3-O-Methyl-4-O-(8-p-xylopyranosyl)-D-xylose. 
By G. O. AspINALL and K. M. Ross. 


A Koenigs—Knorr condensation of 2,3,4-tri-O-acetyl-«-pb-xylopyranosyl 
bromide with benzyl 2,3-anhydro-8-p-ribopyranoside (I) affords benzyl 2,3- 
anhydro-4-O-(2,3,4-tri-O-acetyl-8-p-xylopyranosyl)-8-p-ribopyranoside (II). 
Treatment of the disaccharide epoxide (II) with sodium hydroxide, followed 
by hydrogenation, furnishes 4-O-8-p-xylopyranosyl-p-xylose (III; R= 
R’ = H); treatment with sodium methoxide, followed by hydrogenation, 
furnishes 3-O-methyl-4-0-(8-p-xylopyranosyl)-p-xylose (III; R =H, R’ = 
Me). Methanol and p-xylose are formed amongst the products of alkaline 
degradation of the disaccharide methyl ether (III; R = H, R’ = Me). 


THE need for a 3,4-di-O-substituted pentose carrying two different substituents as a model 
compound for branched arabinoxylans arose from studies on the degradation of such 
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polysaccharides with alkali. The present paper describes the synthesis of a suitable 
model compound, 3-O-methyl-4-0-(8-D-xylopyranosyl)-D-xylose (III; R =H, R’ = Me). 
The parent disaccharide, 4-O-8-p-xylopyranosyl-D-xylose (xylobiose) (III; R =H, R’ = 
H), which has been isolated as a partial acid-hydrolysis product from several xylans,? has 
also been synthesised in a parallel series of reactions. 

The starting material for the syntheses, benzyl 2,3-anhydro-$-p-ribopyranoside * (I), 
was prepared by the action of dilute sodium hydroxide on benzyl 2-O-methanesulphonyl- 
8-D-arabinopyranoside.* A Koenigs-Knorr condensation of 2,3,4-tri-O-acetyl-«-D-xylo- 
pyranosyl bromide with the epoxide (I) furnished benzyl 2,3-anhydro-4-0-(2,3,4-tri-O- 
acetyl-8-D-xylopyranosyl)-8-D-ribopyranoside (II) in much better yield than is often 


©. 0-CH,Ph O ©. 0-CH,Ph 
OAc O 
HO AcO 
fe) (T) OAc Oo (IT) 
j—o @) OR 
OH O oR’ 
HO 
OH OH (III) 


obtained in disaccharide syntheses involving condensations of ‘‘ acetohalogen sugars ” 
with secondary hydroxyl groups of sugar derivatives. The hydroxyl group in the epoxide 
(I) is much less sterically hindered than most secondary hydroxyl groups in otherwise 
fully substituted sugar derivatives. It is noteworthy that Jones and Curtis 5 have made 
a similar observation with regard to the condensation of ‘‘ acetohalogen sugars ”’ with 
secondary hydroxyl groups in acyclic derivatives of sugars. Treatment of the condens- 
ation product (II) with sodium hydroxide resulted in deacetylation and opening of the 
epoxide ring to give benzyl 4-O-8-p-xylopyranosyl-D-8-xylopyranoside (III; R = CH,Ph, 
R’ = H), and similar reaction of the disaccharide epoxide with sodium methoxide gave 
benzyl 3-O-methyl-4-0-(8-p-xylopyranosyl)-D-8-xylopyranoside (III; R = CH,Ph, R’ = 
Me). In both cases opening of the epoxide ring proceeded with formation of the D-xylose 
derivative, and no trace of the D-arabinose derivative could be detected. The relation 
between the two benzyl glycosides was confirmed since both afforded the same crystalline 
pentamethyl ether on methylation with methyl sulphate and sodium hydroxide, and 
since hydrolysis of benzyl 3-O-methyl-4-0-(8-p-xylopyranosyl)-8-D-xylopyranoside gave 
D-xylose and 3-O-methyl-p-xylose. Both benzyl glycosides, on hydrogenation 
over palladium—charcoal, furnished the corresponding disaccharides. Although neither 
disaccharide was obtained crystalline, the identity of 4-0-8-p-xylopyranosyl-D-xylose 
with the xylobiose formed on partial acid hydrolysis of oak heartwood xylan * and other 
xylans ? was established by paper chromatography of the sugar and by conversion into the 
crystalline phenylosazone. 

When 3-0-methyl-4-0-(8-p-xylopyranosyl)-D-xylose was treated with cold dilute 
sodium hydroxide, the disaccharide was almost completely destroyed after 6 hr. with the 
elimination of the 3- and the 4-substituent. Under the conditions employed in the 
reaction no further degradation of xylose could be detected. Methanol was identified by 

1 Aspinall, Greenwood, and Sturgeon, preceding paper. 

2 Whistler and Tu, J. Amer. Chem. Soc., 1952, 94, 3609; 1953, 75, 645; for other references see 
Aspinall, Adv. Carbohydrate Chem., 1959, 14, 429. 

3 After the completion of this work, the preparation of this compound was reported independently 
by Garegg (Acta Chem. Scand., 1960, 14, 957). 

* Wood and Fletcher, J. Amer. Chem. Soc., 1958, 80, 5242. 


5 Jones and Curtis, Canad. J]. Chem., 1959, 37, 358. 
® Aspinall, Carter, Laidlaw, and Sandstrém, unpublished results. 
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conversion into methyl iodide and by oxidation to formaldehyde, and D-xylose was 
identified as the di-O-benzylidene dimethyl acetal. The nature of the degradation products 
from the reducing xylose moiety in the disaccharide has not yet been established. The 
observation that both substituents are rapidly eliminated when this 3,4-di-O-substituted 
D-xylose is treated with alkali provides clear support for the ‘‘ by-passing ’’ mechanism 
proposed to account for the results of the alkaline degradation of branched arabinoxylans.! 


EXPERIMENTAL 


Evaporations were carried out under reduced pressure, and the light petroleum used had 
b. p. 60—80°. Alumina, type H, 100/200 S mesh, supplied by Peter Spence and Sons, Ltd., 
was shaken with N-acetic acid, washed with water by decantation until free from acid, and dried 
at 260°. Optical rotations were observed at 18° + 2°. Paperchromatography was carried out on 
Whatman Nos. 1 and 3MM papers with the following solvent systems (v/v): (A) ethyl acetate— 
pyridine—water (10: 4:3); (B) butan-l-ol-ethanol—water (4:1:5, upper layer); (C) ethyl 
acetate—acetic acid—formic acid—water (18:3: 1: 4). 

Benzyl 2,3-Anhydro-8-p-ribopyranoside (I).—2N-Sodium hydroxide was added with stirring 
to benzyl 2-O-methanesulphonyl-8-p-arabinopyranoside (30-5 g.; prepared by Wood and 
Fletcher’s method *) in ethanol (80 ml.) at 75° until the solution was permanently alkaline. 
Sodium methanesulphonate was filtered off and the filtrate was taken to dryness. The residue 
was extracted several times with warm ethyl] acetate, and after removal of solvent the resulting 
solid was recrystallised from light petroleum to give benzyl 2,3-anhydro--p-ribopyranoside (I) 
(18-4 g.), m. p. 75—76°, [al,, —58° (c 0-66 in CHCI,) (Found: C, 64-7; H, 6-3. C,,.H,O, 
requires C, 64-8; H, 6-3%) {Garegg * gives m. p. 76—77°, {a],, —67° (in CHCl ) }. 

Benzyl 2,3-Anhydro-4-O-(2,3,4-tri-O-acetyl-8-p-xvlopyranosyl)-8-p-ribopyranoside (II).— 
Benzy] 2,3-anhydro-$-p-ribopyranoside (18-2 g.), freshly prepared silver carbonate (32-5 g.), 
and anhydrous calcium sulphate (100 g.) were shaken overnight in benzene (250 ml.). After 
addition of iodine (6 g.), 2,3,4-tri-O-acetyl-«-p-xylopyranosyl bromide (27-6 g.) in benzene 
(250 ml.) was added slowly with stirring during 1 hr. The mixture was shaken in the dark for 
3 days (with occasional release of carbon dioxide); the benzene solution then gave no opalescence 
with ethanolic silver nitrate. The filtered solution was concentrated to a syrup which was 
chromatographed in benzene on alumina, and elution with light petroleum—benzene (1: 1) 
furnished benzyl 2,3-anhydro-4-O-(2,3,4-tri-O-acetyl-8-p-xylopyranosyl)-8-p-ribopyranoside (II) 
(9-1 g.), m. p. 131—132° [from light petroleum-—ethanol (2: 1)], [«|,, —48° (c 0-66 in CHCI,) 
(Found: C, 56-7; H, 5-7. C,3H,,0,, requires C, 57-5; H, 5-8%). 

Benzyl 3-O-Methyl-4-O-(8-p-xylopyranosyl)-B-p-xylopyranoside (III; R= CH,Ph, R’ = 
Me).—The disaccharide epoxide (II) (6 g.) was refluxed in methanol (180 ml.) containing sodium 
methoxide (13-9 g.) for 24 hr., and the cooled solution was diluted with water, neutralised with 
N-sulphuric acid, and evaporated to dryness. The residue was extracted with hot acetone, 
giving syrupy benzyl 3-O-methyl-4-O-(8-p-xylopyranosyl)-B-D-xylopyranoside (3-8 g.), [a], —115° 
(c 2-0 in H,O) (Found: OMe, 8-1. C,,H,,O, requires OMe, 8-0%). Acetylation of the benzyl 
glycoside gave benzyl 2-O-acetyl-3-O-methyl-4-O-(2,3,4-tri-O-acetyl-B-p-xylopyranosyl)-B-p-xylo- 
pyvanoside,m. p. 154—156°, [a],, —101° (c 0-66 in CHCl,) (Found: C, 56-3; H, 6-0; OMe, 5-6. 
C,,H;,0,, requires C, 56-4; H, 6-1; OMe, 5-6%). Methylation of the benzyl glycoside gave 
benzyl 2,3-di-O-methyl-4-O-(2,3,4-tri-O-methyl-B-p-xylopyranosyl)-8-p-xylopyranoside, m. p. 88— 
90°, [a], — 80° (c 0-4 in CHCl,) (Found: C, 59-8; H, 7-5; OMe, 35-0. C,.H;,O, requires C, 59-7; 
H, 7-7; OMe, 35-1%). ‘ 

Hydrolysis of the benzyl glycoside (75 mg.) with N-sulphuric acid at 100° for 2 hr., followed 
by neutralisation with barium carbonate gave two sugar components which were separated 
chromatographically by solvent B. The sugars were characterised as (a) 3-O-methyl-p-xylose 
by formation of the phenylosazone, m. p. and mixed m. p. 170°, and (b) p-xylose by conversion 
into the di-O-benzylidene dimethyl acetal, m. p. and mixed m. p. 211°, [aj,, —9° (c 0-66 in CHCI,). 
Chromatography of the periodate oxidation products? of the 3-O-methylxylose fraction showed 
no methoxymalondialdehyde which would be formed from 2-O-methylarabinose. 

3-O-Methyl-4-O-(8-p-xylopyranosyl)-p-xylose (III; R =H, R’ = Me).—The above benzyl 
glycoside (3-1 g.) in ethanol—water (120 ml.) was shaken in hydrogen at atmospheric pressure 


7 Lemieux and Bauer, Canad. J]. Chem., 1953, $1, 814. 
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over 10% palladium-charcoal (3 g.) for 48 hr. Catalyst was filtered off and concentration of 
the filtrate afforded chromatographically pure syrupy 3-O-methyl-4-O-(8-p-xylopyranosyl)-p- 
xylose (1-9 g.), [a], —18° (c 2-0 in H,O), Rxyiose 0-61 in solvent C (Found: OMe, 10-4, C,,H9O, 
requires OMe, 10-5%). 

Benzyl 4-O-(8-p-Xylopyranosyl)-8-p-xylopyranoside (III; R = CH,Ph, R’ = H).—The di- 
saccharide epoxide (II) (1 g.) was heated in 2N-sodium hydroxide (50 ml.) on the boiling-water 
bath for 16 hr. The cooled solution was de-ionised with Amberlite resins IR-120(H) and 
IR-45(OH) and concentrated to give syrupy benzyl 4-O-(8-p-xylopyranosy])-8-p-xylopyranoside 
(0-81 g.), [x], —120°(cl-6inH,O). The benzyl glycoside was chromatographically homogeneous 
(Rxylose 1:58 in solvent C), hydrolysis gave xylose only, and methylation with methyl sulphate 
and sodium hydroxide afforded the pentamethyl ether, m. p. and mixed m. p. 88—90°. 

4-0-8-p-Xylopyranosyl-p-xylose (III; R = R’ = H).—The foregoing benzyl glycoside (0-6 
g.) in ethanol—water (25 ml.) was shaken in hydrogen at atmospheric pressure over 10'% 
palladium-charcoal (0-6 g.) for 48 hr. Catalyst was filtered off and concentration of the filtrate 
gave a syrup (0-4 g.) which contained xylobiose (Rxyjose 0°31 in solvent C) and a trace of xylose. 
Chromatographically pure 4-O-$-p-xylopyranosyl-p-xylose (0-22 g.), [a],, —22° (c 2-0 in H,O), 
was isolated after separation on filter sheets with solvent C, and the disaccharide was 
characterised by conversion into the phenylosazone, identified by m. p. and mixed m. p. 207° 
(decomp.), [a], —6° (5 min.) —» —50° (24 hr., constant) [c 0-7 in C;H;N—EtOH (7: 3)], and 
by X-ray powder photograph. 

Alkaline Degradation of 3-O-Methyl-4-O-(8-p-xylopyranosyl)-p-xylose.—The disaccharide 
(100 mg.) was treated with oxygen-free N-sodium hydroxide (20 ml.) at room temperature for 
6 hr. and the solution was shaken with Amberlite resin IR-120(H) to remove sodium ions. 
Paper chromatography showed formation of xylose and almost complete destruction of the 
disaccharide. The solution was evaporated to a syrup under reduced pressure, the receiver 
being cooled with ice to trap volatile products. Methanol was characterised in the first few 
drops of distillate by oxidation to formaldehyde (dimedone derivative, m. p. and mixed m. p. 
189°) and by distillation with hydriodic acid to give methyl iodide (kindly identified by 
Dr. D. M. W. Anderson by its infrared spectrum). The residual syrup was separated by chrom- 
atography in solvent C and p-xylose was characterised as the di-O-benzylidene dimethyl acetal, 
m. p. and mixed m. p. 210°. 


The authors thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest and advice, and 
Imperial Chemical Industries Limited, Central Agricultural Control, and the Distillers 
Company Limited for grants. 
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714. Polymerisation of Flavans. Part IV.* The Condensation of 
Flavan-4-ols with Phenols. 


By B. R. Brown, W. CuMMINGs, and J. NEWBOULD. 


Flavan-4-ols and flavan-3,4-diols condense with phenols as expected, to 
yield 4-arylflavans. The 3-hydroxyl group of the diols does not participate 
in further condensations to form ethers. 4’-Methoxyflavan-48-ol ‘condenses 
with two molecules of a phenol. The structures of some of the condensation 
products have been proved by synthesis. 


DurRinG the past decade it has been realised that flavan-3,4-diols (leucoanthocyanidins) 
play an important réle in the structure of some vegetable tannins.1_ Hence it was relevant 


* Part III, J., 1960, 3308. 


1 See, e.g., Bate-Smith and Swain, Chem. and Ind., 1953, 377; King and Bottomley, J., 1954, 1399; 
Roux, Nature, 1958, 181, 1454. 
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to investigate the acid-catalysed condensation of flavan-4-ols and flavan-3,4-diols with 
phenols, as has previously been done with 4’-substituted flavans.** 

Since flavan-4-ols (I) are ortho-substituted benzyl alcohols, they were expected to 
condense with phenols to yield 4-arylflavans (II). 

Flavan-48-ol (I) condensed with phenol in ethanolic hydrogen chloride to yield, after 
methylation, 4-/-methoxyphenylflavan (II; R =H, R’ = Me) whose structure has been 
proved by synthesis from flavan-4-one (III) and f-bromoanisole. An isomeric compound, 
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which was obtained in small amount from the condensation, is thought, from its analysis 
and its infrared spectrum, to be 4-o-methoxyphenylflavan. However, the 4-o-methoxy- 
phenylflavan synthesised from flavanone and o-bromoanisole was not identical with this 
compound. 4-0-Methoxyphenylflavan can exist in two racemic forms and it may be 
that, when an ortho-substituent is present, synthesis and condensation lead: to different 
racemates. Flavan-48-ol (I) condensed with resorcinol to yield 4-(2,4-dihydroxypheny))- 
flavan (II; R = OH, R’ = H) which has been characterised as its diacetate and as its 
dimethoxy-derivative. A biflavanyl, characterised as its acetate (V), resulted from the 
condensation of flavan-48-ol with 7-hydroxyflavan. Condensation at the 6-position of 
7-hydroxyflavan is expected on the basis of earlier work.* 

Since the naturally occurring leucoanthocyanidins contain a flavan-3,4-diol structure 
(VI), we studied their acid-catalysed condensation with phenols. Sterically it appeared 
possible for the 3-hydroxyl group, provided it were cis to the entering 4-aryl group, to 
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undergo a secondary condensation with an o-hydroxyl group to yield an ether, as in the 
acid-catalysed condensation of catechin with phloroglucinol.4 However, there was no 


2 Freudenberg and Weinges, Annalen, 1954, 590, 140; Freudenberg and Alonso de Lama, ibid., 


1958, 612, 78 
3 Brown, Cummings, and Somerfield, /., 1957, 3757; Brown and Cummings, /., 1958, 4302. 
« Mayer and Merger, Chem. and Ind., 1959, 485. 
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secondary ether formation when flavan-3,4-diol (VI) condensed with resorcinol or phloro- 
glucinol: after methylation with dimethyl sulphate and potassium carbonate, the products 
(VII; R=H or OMe, R’ = Me) still contained a 3-hydroxyl group which could be 
acetylated. 

A 4’-methoxyflavan-4-ol (VIII) combines the functions of an activated benzyl ether 
with those of a benzyl alcohol and hence should condense with two molecules of a phenol. 
4’-Methoxyflavan-48-ol (VIII) condensed with two molecules of phenol in ethanolic 
hydrogen chloride to yield, after methylation, a tetra-arylpropane (IX) whose structure 
has been proved by two independent syntheses from 2’,4-dimethoxychalcone (XIV) and 
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ACH=CHCOB > | CH:CHyCOB > | OCHCH=C_ 
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Reagents: |, HCI-EtOH, then Me,SO,; 2, H,-Ni; 3, Grignard reagent from p-bromoanisole. 


from 2,4’-dimethoxychalcone (XV), as shown in the annexed scheme. In a similar way, 
4'-methoxyflavan-48-ol with an excess of 7-acetoxyflavan yielded, after methylation, a 
product which is thought to contain three flavan units. 


EXPERIMENTAL 


Light petroleum refers to the fraction of b. p. 40—60°. Alumina was Spence’s grade H 
or O, deactivated, when stated, with acetic acid. 

4-0-Methoxyphenylflavan-4-ol.—A solution of flavanone (1-20 g.) in ether (20 ml.) was added 
to o-methoxyphenylmagnesium bromide [from magnesium (0-26 g.) and o-bromoanisole (2-00 g.) 
in ether (20 ml.)], and the mixture was boiled for 3 hr. After decomposition with an excess of 
very dilute aqueous acetic acid, the product, which was insoluble in eter, was extracted into 
chloroform. Removal of the solvent gave colourless crystals which recrystallised from ether— 
chloroform (2:1 v/v) (60 ml.) to yield 4-0-methoxyphenylflavan-4-ol (1-45 g.) as needles, m. p. 
207—209° (Found: C, 79-3; H, 6-0. C,,H,.O, requires C, 79-4; H, 6-0%), vax. (in Nujol) 
3480 cm.} (OH). 

4-0-Methoxyphenylflavan.—4-o-Methoxyphenylflavan-4-ol (0-45 g.) in ‘‘ AnalaR”’ acetic 
acid (25 ml.) was boiled with toluene-p-sulphonic acid (10 mg.) for 4 hr. The resulting solution 
was hydrogenated over Adams catalyst (uptake 34:8 ml. at 20°/750 mm., theor.; 4 hr.). 
After removal of the catalyst and the solvent, the product was chromatographed (30 g. of 
grade H alumina). Elution with light petroleum—benzene (1:1) (350 ml.) gave an oil which, 
after several crystallisations from ethanol, yielded 4-o-methoxyphenylflavan (0-13 g.) as needles, 
m. p. 108—109° (Found: C, 83-1, 83-2; H, 6-2, 6-4. C,,H,O, requires C, 83-5; H, 6-3%), 
Vmax, (in Nujol) 700, 758, and 778 cm.“! (aromatic). 

4-p-Methoxyphenylflavan (Il; R= H, R’ = Me).—(a) (i) 4-p-Methoxyphenylflavan-4-ol 
(IV; R=H, R’= Me). p-Bromoanisole (1-50 g.), ether (20 ml.), and magnesium (0-24 g.) 
were heated until the magnesium had dissolved (2 hr.). Flavanone (1-13 g.) in ether (20 ml.) 
was added with stirring at 0° and the mixture was boiled for 30 min. The Grignard complex 
was decomposed at 0° with 10% aqueous acetic acid (20 ml.), and the product (1-66 g.), isolated 
with ether, was chromatographed (30 g. of 10°, deactivated grade H alumina). Elution with 
light petroleum (100 ml.) gave a mixture (150 mg.) of anisole and unchanged p-bromoanisole. 
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Elution with benzene (200 ml.) gave 4-p-methoxyphenylflavan-4-ol (1-10g.), needles, m. p. 116—117° 
(from ethanol) (Found: C, 79-15; H, 6-0. C,.H. O; requires C, 79-4; H, 6-0%), vmax. (in Nujol) 
3470 cm. (OH). 

(ii) A solution of 4-p-methoxyphenylflavan-4-ol (1-00 g.) in ‘‘ AnalaR ”’ acetic acid (30 ml.) 
was boiled with toluene-p-sulphonic acid (10 mg.) for 2 hr. The resulting deep yellow solution 
was hydrogenated over Adams catalyst (uptake 60 ml. at 20°/762 mm.; theor., 79 ml.). 
Removal of the catalyst and solvent gave a yellow oil which was chromatographed (60 g. of 
10%, deactivated grade H alumina). Elution with light petroleum—benzene (1:1) (350 ml.) 
gave 4-p-methoxyphenylflavan (0-48 g.), colourless needles (from ethanol), m. p. 134—135° (Found: 
C, 83-2; H, 6-0. C,,H,O, requires C, 83-5; H, 6-3%), vmax. (in Nujol) 701, 757, and 834 cm." 
(aromatic). 

(b) Dry hydrogen chloride was passed for 15 min. through a solution of flavan-46-ol (0-81 g.) 
and phenol (1-25 g.) in ethanol (25 ml.) at 0°. After 20 days at room temperature, the mixture 
was poured into water (700 ml.), and the precipitated solid (1-09 g.) was collected, washed with 
water, and methylated with dimethyl sulphate and aqueous sodium hydroxide. The product, 
isolated in ether, was chromatographed [40 g. of grade O alumina with light petroleum—benzene 
(1: 1) as eluant] to yield, from the first fraction (120 ml.), a solid (0-20 g.) which separated from 
ethanol or light petroleum (b. p. 88—90°) as prisms, m. p. 195—197° (Found: C, 83-6; H, 6-45. 
Cy.H. 0, requires C, 83-5; H, 6-3%), vmax, (in Nujol) 700, 753, and 784 cm. (aromatic). 

The second fraction (720 ml., followed by 480 ml. of chloroform) gave an oil (0-86 g.) which 
separated from ethanol as needles, m. p. 134—136°. This compound was identical with 
4-p-methoxyphenylflavan (mixed m. p. and infrared comparison) prepared as in (a). 

4-(2,4-Dihydroxyphenyl)flavan (Il; R=OH, R’ = H).—Flavan-48-ol (0-80 g.) and 
resorcinol (1-33 g.) in ethanol (25 ml.) were treated with hydrogen chloride in the usual way. 
After 12 days, addition of excess of water gave a solid (A) (1-22 g.). This solid (0-40 g.) was 
boiled with acetic anhydride (15 ml.) and sodium acetate (1-00 g.) for 2 hr., then poured into 
water (80 ml.), and the resulting solid chromatographed (20 g. of 10% deactivated grade O 
alumina). Elution with light petroleum—benzene (1:1) (120 ml.) yielded 4-(2,4-diacetoxy- 
phenyl)flavan which separated from ethanol as needles (0-25 g.), m. p. 171—172° (Found: 
C, 74-4; H, 5-65; Ac, 22-0. C,;H,.O,; requires C, 74-65; H, 5-45; 2Ac, 21-4%). 

This acetate (34 mg.) was heated on a water bath for 2 min. with potassium hydroxide 
(200 mg.) in ethanol (10 ml.). The resulting red solution was diluted with water (20 ml.) and, 
on cooling, yielded plates. Two recrystallisations from aqueous ethanol gave 4-(2,4-dihydroxy- 
phenyl)flavan hydrate, m. p. 95—98° (Found: C, 73-45; H, 6-25. C,,H,,03,1-5H,O requires 
C, 73-05; H, 6-1%). 

The solid (A) (0-82 g.) was methylated with dimethyl sulphate and aqueous potassium 
hydroxide. Chromatography of the product on alumina (grade O) with light petroleum-— 
benzene (1:1) as eluant gave 4-(2,4-dimethoxyphenyl)flavan (0-33 g.) which separated from 
ethanol or light petroleum (b. p. 88—90°) as prisms, m. p. 159—160° (Found: C, 80-05; H, 6-55. 
C,,;H,.O, requires C, 79-75; H, 6-35%), Amax, (in EtOH) 224-5, 277, and 283-5 my (log e 4-34, 
3-72, and 3-71). 

7’’-Acetoxy-4,6"-biflavanyl (V).—Flavan-48-ol (0-50 g.) and 7-hydroxyflavan (0-50 g.) in 
ethanol (25 ml.) were treated with hydrogen chloride in the usual way. After 11 days, water 
(500 ml.) was added and the product was boiled with acetic anhydride (32 ml.) and fused sodium 
acetate (2-0 g.). The resulting crude acetoxy-compound was purified by chromatography 
(45 g. of 10% deactivated grade O alumina). Elution with light petroleum—benzene (1: 1) 
(120 ml.) yielded the biflavanyl (0-62 g.) which separated from ethanol as prisms, m. p. 128— 
130° [Found: C, 80-9; H, 5-65; Ac, 8-9%; M (Rast), 463. C;,H,,O, requires C, 80-6; H, 5-9; 
lAc, 9-05%; M, 476), Amax, (in EtOH) 276-5 and 283-5 muy (log ¢ 3-70 and 3-72). 

4-(2,4-Dimethoxyphenyl) flavan-3-ol (VII; R = H, R’ = Me).—A solution of flavan-3,4-diol 5 
(1-90 g.) and resorcinol (1-90 g.) in ethanol (50 ml.) was saturated with hydrogen chloride at 
room temperature. After 7 days, water (250 ml.) was added and the product was extracted 
into ether. The extract was washed free from resorcinol with water and then shaken with 
2n-sodium hydroxide (5 x 5 ml.). The alkaline extract was acidified and the condensation 
product (isolated in ether) was methylated with dimethyl sulphate and anhydrous potassium 
carbonate in refluxing acetone. The methylated product (0-80 g.) was purified by chromato- 
graphy (160 g. of 10% deactivated grade O alumina). Elution with light petroleum containing 


5 Bognar and Rakosi, Acta Chim. Acad. Sci. Hung., 1958, 14, 369. 
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benzene (increasing from 5% to 50%) gave a solid (0-40 g.). Sublimation at 150°/0-01 mm. 
gave 4-(2,4-dimethoxyphenyl) flavan-3-ol as a colourless amorphous solid, m. p. 61—62-5° (Found: 
C, 76-4; H, 6-2. C,3H,.O, requires C, 76-1; H, 6-1%), vmax, (in Nujol) 3450cm.1 (OH). Treat- 
ment with pyridine and acetic anhydride, followed by chromatography (5% deactivated grade 
O alumina with light petroleum as eluant) gave 3-acetoxy-4-(2,4-dimethoxyphenyl)flavan which 
separated from acetone as plates, m. p. 70—71° (Found: C, 73-85; H, 6-2; Ac, 10-1. C,;H,,0; 
requires C, 74:2; H, 6-0; 1Ac, 10-65%), vmax (in Nujol) 1730 cm.“ (aliphatic ester). 

4-(2,4,6-Tvimethoxyphenyl)flavan-3-ol (VII; R = OMe, R’ = Me).—A solution of flavan- 
3,4-diol (1-00 g.) and phloroglucinol (1-00 g.) in ethanol (25 ml.) was treated at 30° with hydrogen 
chloride until a 10% increase in weight had occurred. After 21 days at room temperature, the 
product was isolated and methylated in the usual way to give an oil which was chromatographed 
(150 g. of 10% deactivated grade H alumina). Elution with light petroleum—benzene (1: 1) 
(250 ml.) and benzene (350 ml.) gave an oil which separated from ether to yield 4-(2,4,6-tri- 
methoxyphenyl) flavan-3-ol (0-44 g.) as needles, m. p. 164—165° (Found: C, 73-5; H, 6-5. 
C,4H,,O; requires C, 73-5; H, 61%). Its acetate separated from ether as prisms, m. p. 168— 
169° (Found: C, 71-9; H, 6-1; Ac, 9-6. C,,H,,O, requires C, 71-9; H, 6-0; 1lAc, 9-9%). 

1-o-Methoxyphenyl-1,3,3-tri-p-methoxyphenylpropane (IX).—(a) (i) 2’-Hydroxy-4-methoxy- 
chalcone * (6-00 g.) with boiling acetone (200 ml.), dimethyl sulphate (12-0 ml.), and anhydrous 
potassium carbonate (10-5 g.) yielded the 2’,4-dimethoxychalcone (XIV) (4-90 g.), light yellow 
needles (from ethanol), m. p. 68—69° (Found: C, 76-1; H, 6-15; OMe, 22-8. C,,H,,0, requires 
C, 76-1; H, 5-95; 20Me, 23-1%). 

50% w/w Aqueous sodium hydroxide (6-50 g.) was added to a warm solution of o-methoxy- 
acetophenone (3-10 g.) and p-anisaldehyde (3-70 m1.) in ethanol (35 ml.). After 4 hr., an excess 
of water was added and the product was isolated with ether and crystallised from ethanol to 
give 2’,4-dimethoxychalcone (5-50 g.) as needles, m. p. 68—69°, unchanged on admixture with 
the product obtained as described above. 

A solution of 2’,4-dimethoxychalcone (0-43 g.) and 2,4-dinitrophenylhydrazine (0-30 g.) in 
ethanol (35 ml.) was treated with concentrated hydrochloric acid at the b. p. The red needles 
(0-60 g.) which separated in the cold were recrystallised from ethanol—chloroform (1: 2) to give 
the 2,4-dinitrophenylhydrazone, m. p. 224—225° (Found: C, 61:6; H, 4-6; N, 12-9. 
Cy3H2)O,N, requires C, 61-6; H, 4-45; N, 12-5%), Amax. (im CHCl,) 425 mu (log e 4-59). 

(ii) 2’,4-Dimethoxychalcone (1-92 g.) in ether (100 ml.) was added at —10° to the Grignard 
reagent prepared from p-bromoanisole (10-0 g.), ether (90 ml.), and magnesium (1-3 g.) at such 
a rate that no permanent precipitate was formed. After 4 hr. at room temperature, the Grig- 
nard complex was decomposed with dilute acetic acid, and the product was isolated by using 
ether. Chromatography on alumina (200 g. of 5% deactivated grade H) and elution with 
benzene (600 ml.). gave a solid (1-60 g.) which separated from ethyl acetate—hexane to yield 
colourless needles of 2,2-di-p-methoxyphenylethyl o-methoxyphenyl ketone (XII), m. p. 108— 
108-5° (Found: C, 76-5, 76-4; H, 6-15, 6-6. C,,H,,O, requires C, 76-55; H, 6-4%), vmax, (in 
Nujol) 1670 cm.*t. 

(iii) The ketone (XII) (7-00 g.) in tetrahydrofuran (90 ml.) was treated at 0° with the 
Grignard reagent prepared from p-bromoanisole (20 g.), tetrahydrofuran (150 ml.), and 
magnesium (4-3 g.). After 12 hr. at room temperature, the solution was boiled under reflux 
for 1 hr. and cooled to 0°. The Grignard complex was decomposed with dilute acetic acid, and 
the product isolated, by using ether, as an oil (8-2 g.) which was chromatographed on alumina 
(500 g. of 5% deactivated grade H). Elution with light petroleum—benzene (1: 4 v/v) (2 1.) 
gave 1l-o-methoxyphenyl-1,3,3-tri-p-methoxyphenylprop-l-ene (X), m. p. 45—47°, which was 
sublimed before analysis (Found: C, 79-9; H, 6-6. C 3,H3 0, requires C, 79-65; H, 6-4%), 
Amax. (in EtOH) 270 my (log e 4-28). ’ 

(iv) The propene (X) (0-80 g.) in ethanol (100 ml.) was hydrogenated at 60°/25 atm. for 
4 hr. over Raney nickel (1-0 g.). Removal of solvent and catalyst gave an oil which was 
chromatographed on alumina (100 g. of 5% deactivated grade H). Elution with benzene 
(200 ml.) gave a solid (0-69 g.) which, after several recrystallisations from ethanol—benzene and 
from light petroleum—benzene, yielded 1-0-methoxyphenyl-1,3,3-tri-p-methoxyphenylpropane 
(IX), m. p. 108—110° (Found: C, 79-7; H, 6-6. C3,H3,0, requires C, 79-5; H, 6-8%), Amax. (in 
EtOH) 228-5 and 277 my (log ¢ 4-54 and 3-85), vmax, (in Nujol) 725, 760, and 840 cm. (aromatic). 


* Karrer, Yen, and Reichstein, Helv. Chim. Acta, 1930, 18, 1308. 
6E 
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(b) (i) The same conditions and quantities were used as in the preparation of 2,2-di-p- 
methoxyphenylethyl o-methoxyphenyl ketone, but from 2,4’-dimethoxychalcone. Chromato- 
graphy as before and elution with benzene (400 ml.) gave a light yellow solid which from ethanol 
yielded colourless needles (2-33 g.) of p-methoxyphenyl 2-0-methoxyphenyl-2-p-methoxyphenyl- 
ethyl ketone (XIII), m. p. 67—68° (Found: C, 76-3, 76-7; H, 6-8, 6-45. C,,H,,O, requires 
C, 76-55; H, 64%), vmax. (in Nujol) 1660 cm.*. 

(ii) The ketone (XIII) (1-00 g.) was added at 0° to the Grignard reagent prepared from 
p-bromoanisole (5-0 g.), tetrahydrofuran (30 ml.), and magnesium (1-07 g.). After 1 hr. at 
room temperature, the solution was boiled under reflux for 1 hr. and cooled to 0°. The Grignard 
complex was decomposed with dilute acetic acid, and the product was isolated in ether. 
Removal of the ether and anisole (formed from excess of the Grignard reagent) under reduced 
pressure gave an oil (1-20 g.) which was chromatographed on alumina (50 g. of grade H). 
Elution with light petroleum—benzene (1:8) (100 ml.) gave 3-0-methoxyphenyl-1,1,3-tri-p- 
methoxyphenylprop-l-ene (XI), m. p. 47—48°, which was sublimed before analysis (Found: 
C, 79-25; H, 6-4. C3,H3.O, requires C, 79-65; H, 6-4%), Amax, (in EtOH) 268 my (log ¢ 4-29). 

(iii) The above propene (XI) (0-60 g.) in ethanol (100 ml.) was hydrogenated at 60°/40 
atm. for 4 hr. over Raney nickel (1-00 g.). Removal of the solvent and catalyst gave a solid 
which was chromatographed on alumina (50 g. of grade H). Elution with benzene (150 ml.) 
gave a solid (0-43 g.). Several crystallisations from benzene—ethanol (1 : 3) gave l-o-methoxy- 
phenyl-1,3,3-tri-pb-methoxyphenylpropane (IX), m. p. and mixed m. p. 107—110° (Found: 
C, 79-9; H, 66%). The infrared and ultraviolet spectra were identical with those of the other 
synthetic specimen. 

(c) A solution of 4’-methoxyflavan-4§-ol ’? (1-00 g.) and phenol (2-00 g.) in ethanol (25 ml.) 
was treated at 0° with hydrogen chloride until a 10% increase in weight had occurred. After 
14 days at room temperature, the solution was worked up and methylated in the usual way. 
The product (1-80 g.) was chromatographed on 10% deactivated grade O alumina. Elution 
with light petroleum—benzene (3: 1) gave an oil (0-15 g.) which was not investigated further. 
Elution with light petroleum—benzene (1: 9) yielded a solid (1-40 g.). Several recrystallisations 
from ethanol gave the propane, m. p. and mixed m. p. 107—-108° (Found: C, 79-8; H, 6-5%). 
The infrared and ultraviolet spectra were identical with those of the other specimens. 

Condensation of 4’-Methoxyflavan-48-ol with 7-Acetoxyflavan.—T-Acetoxyflavan (5-00 g.) 
and 4’-methoxyflavan-48-ol (1-50 g.) in ethanol (30 ml.) were treated at 0° with hydrogen 
chloride (5% increase in weight). After 17 days at room temperature, water (250 ml.) was 
added and a salmon-pink solid separated. Methylation with dimethyl sulphate and potassium 
carbonate in acetone gave a solid (2-25 g.) which was chromatographed on 10% deactivated 
grade O alumina (150 g.). Elution with light petroleum—benzene (1: 1) (800 ml.) gave a solid 
(1-60 g.), m. p. 140—142°. Crystallisation from a variety of solvents did not change the m. p. 
The compound separated from methanol as an amorphous white powder, m. p. 141-5—142-5° 
{[Found: C, 78-6; H, 6-4; M (Rast), 802. C,,H,,O,,CH,-OH requires C, 78-5; H, 6-6%; 
M, 764], vmax. (in CHCl,) 3550w (OH). 
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715. Double Bonding in Chelated Metal Complexes. 
By L. E. ORGEL. 


The effect of double bonding in chelated octahedral metal complexes is 
discussed and it is shown that the degeneracy of the #,, orbitals can be 
removed in certain circumstances. It is suggested that the diamagnetism 
of tris-o-phenanthrolinetitanium is due to this splitting of the #,, orbitals. 


THE effect of x bonding on the electronic structure of octahedral transition-metal com- 
plexes has been considered by a number of authors. It has been shown that the metal 
d(e,) orbitals are unable to combine with = orbitals of the ligands and that although the 
d(t2,) do combine there is no breakdown of their degeneracy so long as the complex has 
cubic symmetry. 

Complexes with axially symmetric ligands, for example hexahalides and hexacyanides, 
do usually have cubic symmetry, but complexes with less symmetrical ligands such as 
water, pyridine, or ethylenediamine do not. Here we discuss the way in which the 
degeneracy of the ¢g, orbitals is broken down in complexes of planar, conjugated, bidentate 
ligands such as 1,l’-bipyridyl or the acetylacetonate anion. This discussion leads to a 
novel explanation of the diamagnetism of tris-1,1’-bipyridyltitanium.? 

The d Orbitals of Trichelated Octahedral Complexes.—We consider a trichelated metal 
complex MX, where M is a transition-metal ion (or atom) and X is a symmetrical bidentate 
ligand such as ethylenediamine, 1,1’-bipyridyl, or the acetylacetonate anion. We suppose 
the complex ion to have the maximum symmetry consistent with its composition, namely 
D, symmetry (Fig. 1). Symmetry arguments, independent of any model of the inter- 


Fic. 1. The structure of trichelated 
complexes. 





action between métal and ligands, show that the d orbitals split into two degenerate pairs 
belonging to the e representation of the group and one non-degenerate a, orbital. These 
arguments do not indicate the relative energies of the orbitals. 

We may identify the a, orbital with one of the ¢2, orbitals of an octahedral complex and, 
providing the bond angles do not deviate greatly from those for an octahedral complex, 
we may, to a first approximation, associate the e orbitals with the remaining /2, and e, 
orbitals as shown in Table 1. More complete calculations show that the e orbitals 
may become mixed together and hence that the forms indicated in the Table are only 
approximately correct. 

Elementary electrostatic arguments show that if we can represent the ligands as point 
charges or point dipoles the a, orbital is lowest in a flattened D, arrangement while the e¢ 
orbital is lowest if the octahedron is elongated. The situation is less clear-cut if « bonding 
is taken into account, but it is fairly certain that the above conclusions remain valid. If 
we neglect x bonding, it follows that the order of the lowest a and ¢ orbitals is likely to be 
determined by geometrical considerations and that a large splitting between these orbitals 
is unlikely unless the trigonal distortion of the bond directions is large. We shall show 
that this conclusion is no longer valid when x bonding is taken into account. 

In a symmetric conjugated system such as 1,1’-bipyridyl the x orbitals may be classified 


' Orgel, Proceedings 10th Solvay Conference, Brussels, 1956. 
2 Herzog and Taube, Angew. Chem., 1958, 70, 469. 
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TABLE 1. The d orbitals in octahedral and D, complexes. 


Octahedral D; Symmetry 

dia —y% Aa: — yx E 
da da 

1 
dy v3 (dey + dee + dye) A, 

1 
dy v2 (dz = dy:) 

E 

dye as (2dzy - dz; = dy:) 


2 


according to their symmetry with respect to reflection in the symmetry plane perpendicular 
to the plane of the molecule. We shall designate the = molecular orbitals as % and + 
orbitals depending on whether they remain unchanged or change sign under this symmetry 
operation. It can then be shown by group theoretical arguments, or seen by inspection, 
that % orbitals combine only with the metal e orbitals while x orbitals combine with both 
metal a, and ¢ orbitals. 

To obtain quantitative results we must specify the nature of the combining orbitals 
more fully. Let us concentrate first on any ligand % orbital, which we may suppose to 
have the form 

b= > cidi 


where ¢; is the 24, orbital on the 7’th atom of the conjugated system. We denote by cy, 
the particular coefficient in this expansion which refers to the atoms linked to the metal. 
Finally we denote by #4, #p, and po the # orbitals of the ligand molecules which occupy 
positions 1, 3, and 5, respectively, in the co-ordination sphere. 

Then it is readily shown that the appropriate linear combinations of metal orbitals 
and ligand y orbitals (apart from sign) which can combine together are as shown at the 
top of Table 2. At the bottom of the Table we give the corresponding linear combinations 
for % orbitals. 

We now discuss the combination of ligand and metal orbitals from the point of view 
of elementary LCAO molecular-orbital theory. We suppose that there is a single resonance 
integral By; given by 


— | d(te,) H $y, dz 


corresponding to all the equivalent interactions between /2, orbitals of the metal and 
suitably oriented #, orbitals on the ligands, for example between the d,, orbital and the 


TABLE 2. Symmetry orbitals and interaction energies for D, complexes 


Interaction 
Metal Ligand matrix element 
1 
A, V3 (dey + dz, + dyz) ome — 
oy Ho — dy) ee 
q V2 x2 yz /6 Qa B Cc ' 
E 1 1 V 3crB M1 
V6 (2dzy — dy, — dyz) v2 (vp — vic) 
‘. sete 34.4 bs ee Qcy,’ 
44y V3 Sry TT Sx ye V3 ee he «CL But 
l i 1 
79 (dzz = dyz) 779 (xs - xe) 
, Be v2 ; 
E l l Cr’ But. 
/6 (2dzy —= dy, = dy:) “/2 (2x4 nt hee xe) 
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fz orbital on the ligand atom at position 3 in the co-ordination sphere. Then the corre- 
sponding interaction integrals for symmetry orbitals are as given in column 3 of Table 2 

We shall use these results to discuss only one of the many groups of compounds to 
which they are relevant, namely the tris-1,1'-bipyridyl derivatives of the transition metals 
in their lowest valencies. By limiting our discussion to these compounds we are able to 
neglect all x-electron interactions except those between filled orbitals of the metal and 
empty orbitals of the ligands. 

The first four unoccupied = orbitals of biphenyl are shown in Fig. 2. The corresponding 
orbitals of 1,1’-bipyridyl may be somewhat different in detail but their general form 
should be similar; in particular the lowest unoccupied orbital should be a % orbital. Since 
the orbital interacts with and stabilizes the metal e orbital but does not interact with the 
a, orbital it seems plausible that the former might be depressed below the latter by double- 
bonding. However this effect must be small and hence might be obscured by splitting 
due to electrostatic forces, s bonding and d—s mixing, unless the ¢ orbital and the e orbital 
have similar energies. 


Fic. 2. The first four unoccupied orbitals of biphenyl 
(Brickstock, Thesis, Cambridge, 1954). 


0-29 006-0-06 -0-29 


O14 O29 O] O14 


' 

1 

i oO Fic. 3. Possible electron arrangements 
E =-1-328 O44 = 0-44 for ~ systems in trigonal fields. 

; 29 O06 -0-06-0-29 

' : 

' 

| -O 35 -035.0-35 035-035 -O: of 
wi i ! CC) 

' 

; 035-035 035-0:35 -O35 O35 035 -035 

' 

; (o) (b) 

' 

' OF vi. 4 (a) low spin; (b) high spin. 
E=-O-708 | -039 -0-39 

' 

' 

: 


The study of the charge-transfer spectra of 1,1'-bipyridyl complexes of bi- and ter- 
valent metals such as iron shows that for these the metal d orbitals are at least 2—3 ev 
more stable than the empty ligand orbitals,’ so that in these the d orbital splitting due to x 
bonding is probably small. However, in the case of neutral titanium or hafnium atoms 
the reducing power must be extreme and there can be little doubt that they would reduce 
bipyridyl if they did not form complexes with it. It is extremely plausible then that in 
such complexes of very low-valency metals extensive delocalization of metal electrons 
occurs and is associated with a significant depression of the metal e orbital below the a, 
orbital. We suggest that this is the main source, or at least one of the most important 
sources, of the energy separation between a, and é orbitals which is required to account 
for the spin-pairing and diamagnetism of tris-1,1'-bipyridyltitanium (Fig. 3).4 The 
lesser importance of x bonding and the larger size of the Slater-Condon parameters in the 
[V(1,1’-bipyridyl),]* ion would then account for its quite different magnetic properties 
which indicate the presence of two unpaired electrons (Fig. 3). 

It should be noted that while a description in terms of metal d electrons more or less 
spread on to the ligands is usually adequate in describing metal complexes, this is not 
necessarily true for the compounds of metals in their very lowest valencies. Thus it may 
be that some of these compounds are better regarded as chelate complexes of the 1,1’- 
bipyridyl anion radical. It seems very probable that this is so for the lithium derivative 


3 Jorgensen, Acta Chem. Scand., 1957, 11, 166. 
4 Perthel, Z. phys. Chem. (Leipzig), 1959, 211, 74. 
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and it may well be that the ligands carry a very considerable negative charge in some of 
the transition-metal compounds also. Nuclear resonance and paramagnetic resonance 
experiments should throw much light on the details of the electron distribution in the 
paramagnetic compounds. 

Finally we remark on the utilization of metal s electrons in these compounds, for s 
orbitals are quite stable in transition-metal atoms. In the group D, the s orbitals trans- 
form as a, and hence can become mixed with the a, d orbital, resulting in new orbitals 
respectively more and less stable than the d and s orbitals themselves. It seems unlikely 
that the s orbital is utilized in the titanium compound for then the diamagnetism could 
only be accounted for if the electron configuration were s(a,)* d(a,)*.__ It is hard to see how 
both a, orbitals could be below the e orbital. In the aluminium compound > [Al(1,1’- 
bipyridyl),|° the situation is quite different and it is possible that the 3s orbital is indeed 
occupied. 


UNIVERSITY CHEMICAL LABORATORY, 
LENSFIELD ROAD, CAMBRIDGE. [ Received, November 23rd, 1960. | 


5 Herzog, Abs. of paper presented at Symp. Co-ordination Chem., Prague, Sept. 1960. 





716. The Crystal Structure of the trans-Dimer of Nitrosoiso- 
butane. 


By Hans DIETRICH AND DoroTHy CrowFrooTt HopGKIN. 


The crystal structure of the tvans-dimer of nitrosoisobutane has been 
determined by the calculation of the electron density in three projections. 
The molecule is centrosymmetric, the N,O, group is planar, with N-N, 
1-27 + 0-02 A, and N-O, 1-30 + 0-02 A. 


THE molecular structure of dimeric nitroso-compounds is of considerable theoretical 
interest, particularly in relation to the nature of the N-N bond connecting the two mono- 
mers. The discovery that the dimers of certain aliphatic nitroso-compounds can be 
obtained in cis- and trans-forms! shows that there is no free rotation around the N-N 


H;C 
3\2 ' 
CH~CH)? Oo 
4/7 thy + 
H3C N nN CH; 
i CH; —CH 
\ 
CH; 


bond and suggests this bond has considerable double-bond character. Evidence bearing 
on this view has been discussed recently by Gowenlock and Liittke;? to this we now add 
X-ray data on the molecular structure of one of the aliphatic nitroso-compounds prepared 
by Gowenlock and Trotman,’ the ¢vans-dimer of nitrosoisobutane. 


EXPERIMENTAL 


The crystals of the ¢vans-dimer of nitrosoisobutane are fragile, colourless, transparent mono- 
clinic plates up to 1 mm. in length. The measured unit-cell dimensions are a = 8-84, b = 9-93, 
c = 614A, and 8 = 96-17°, the space group P2,/c; 9 (calc.) = 0-927, for M = 348; Fooo = 192. 
These figures correspond with the presence of two molecules of the dimer in the unit cell and 
imply that the dimer molecule itself is centrosymmetrical. 


1 Chilton, Gowenlock, and Trotman, Chem. and Ind., 1955, 538; Gowenlock and Trotman, J., 1955 
4190. 

2? Gowenlock and Liittke, Quart. Rev., 1958, 12, 321. 

® Gowenlock and Trotman, J., 1956, 1670. 
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All the crystals examined were twinned, (100) being the twinning plane. The intensities 
of the X-ray reflections were recorded on Weissenberg photographs and measured by eye 
estimation, the multiple-film technique being used. Some overlapping of reflections from the 
twin components occurred for reflections other than the ARO series. This overlapping confused 
the intensity measurements of general reflections; it was allowed for in the zones studied by 
the examination of a few crystals where the twin components were noticeably unequal in 
weight; it led to the decision not to study this crystal structure by three-dimensional methods. 

The measured intensities were corrected for the Lorentz and polarisation effects but not for 
absorption or extinction; they were placed on an approximately absolute scale by Wilson’s 
method and re-scaled later by comparison with the calculated values. The F values so derived 
for the different zones studied are recorded in Table 1. They are subject to rather different 
errors Owing to the irregular shapes of the crystals used. The F? values were sharpened to 
correspond approximately with those to be expected from atoms at rest before the calculation 
of the Patterson series. 


TABLE 1. Observed and calculated structure factors for trans-dimer of nitrosoisobutane 
(unobserved reflections omitted). 


Indices Fobs. Featc. Indices Fobs. Feate. Indices Fobs. Feale. Indices Fobs. Fealc. Indices Fobs. Fale. Indices Fobs. Fcalc. 
[001] zone [001] zone [001] zone £010] zone [101] zone [101] zone 








020 608 69:8 3100 36 16 760 3-3 38 402 17-7 158 040 121 —11-9 343 15 2 «=—2-2 
040 133 —130 400 49 -—26 800 91 88 502 149 166 060 58 —59 353 0-5-2 4-7 
060 62 -69 410 88 -—80 820 47 45 602 20-4 20-4 080 3-8 5-2 363 10 —1-5 
080 «4-2 48 420 92 106 830 3-7 42 802 7:9 -—7-2 0100 40 5-5 373-25 2-0 
0100 «4-2 48 430 10-1 —11-4 004 69 4103 0120 21 2-7 38316 1-6 
100 36-7 45:0 440 175 17-7 [010] zone 104 39 -—25 ll 170 158 393 1-0 0-4 
110 129 —149 450 48 -61 100 368 451 204 57 -82 I21 91 -—91 3103 16 15 
120 314 36-1 460 151 139 200 &7.-29 404 89 —80 [31 18-7 —17-2 404 105 —9-6 
130 246 —24-2 480 7-9 58 300 272 268 504 74 -—82 4k 29 —3-1 414 19 1:8 
140 116 102 500 130 —119 400 58 -28 704 28 —3-0 51 73 —7-7 424 71 —58 
150 170 —145 5610 6-8 70 500 140 —126 304 32 —3-0 6. il 1-8 444 #12 —08 
200 46 -30 520 64 -56 600 90 —140 304 142 -—11-2 71 0-9 09 454 15 —16 
210 110 —91 530 4:8 5-1 700 «5-0 50 404 129 —109 II0l 0-7 -—1-0 464 0-9 0-5 
220 116 104 540 6-9 73 «©6800 99 109 504 82 —78 [Ill 14 -—16 474 0:7 0-7 
230 22:7 -214 550 22 -43 900 18 22 604 13-2 —12-1 2 42 4-7 794 2-0 2-4 
240 100 10-5 560 «9-9 93 1000 28 4-0 704 48 —3-5 12 132 126 7101 O8 —1-3 
250 11-9 —10-7 580 5-1 43 1100 27 48 106 39 —46 8-2 8-4 515 8-0 71 
290 58 61 600 83 -—84 002 493 —66-2 206 46 2-5 241 924-4 525 3-8 2-8 
300 25:9 260 640 7-1 70 102 66 —54 306 33 —24 105 118 53528 2-9 
310 30-2 —30-3 650 5-7 55 4 =6.202s«d13-lssd15-5 SC T06:)=— 28 — 23 10-2 105 545 18 1-0 
320 150 162 660 6-0 62 302 60 -—46 306 56 —5-4 6-7 6:8 606 «60-8 0-5 
330 31-3 —326 700 4:3 43 402 140 134 306 1:3 0-9 10 —03 636 0-5 0-4 
3407-5 95 710 35 3-7 502 152 164 406 06 1-1 2-8 3-2 46 19 —20 
360 92 102 720 68 54 602 52 76 46506) «615600 —1-2 26 —26 656 0-4 —O-1 
370 91 102 730 7:3 64 102 124 —96 5-4 6-1 666 16 = —1:8 
3807-7 70 86740) «(6-9 55 869202 4-7 5-6 [101] zon 16 —16 

390 4:7 53 750 45 35 302 13-8 9-7 020 68-2 * a0. 1 7-6 7-6 

The atomic scattering factors used were those of Berghuis, we Potters, Loopstra, Macgillavry, and Veenendal, Acta Cryst., 

1955, 8, 478. 


Structure Analysis.—The x and y co-ordinates of the atomic positions were derived to a 
first approximation from a study of the sharpened Patterson projection along [001]. They 
were improved by the calculation of the corresponding electron-density projection and a differ- 
ence map. The agreement factor between calculated and observed structure amplitudes was 
then R = 11-8% and did not decrease substantially after two further rounds of calculation 
and difference maps; the latest value is 11-1%. The z parameters of the atoms were next 
estimated with the help of stereochemical and packing considerations and refined by the cal- 
culation of the sharpened Patterson projection along [010], two Fourier projections, three 
difference maps, and one round of least-squares refinement. The intensity estimations of 
the A0/ reflections, on which these calculations were based, were subject to much larger experi- 
mental errors than the Ak0 reflections owing to the twinning and unfavourable shapes of the 
crystals. At this stage, R was quite large, 26- 

The arrangement of the atoms in the crystal found through these calculations is shown by 
the projections along [001] and [010] in Figs. l and 2. In both of these projections the oxygen 
atom overlaps C,; as a consequence the N—O and C-N distances could not be precisely measured. 
It was observed, however, that no serious overlapping of atoms should occur in an electron- 
density projection along [101] and measurements were accordingly made of the intensities 
of hkl reflections. After one Fourier projection and one difference map the agreement between 
observed and calculated structure amplitudes for these reflections was R = 8-5%; it did not 
improve after one more difference map had been calculated. 
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From the refined projections along [001] and [101] good values for the * and y parameters 
and much improved values for the z parameters of the atoms could be derived. R for the 
hOl reflections was reduced to 22-3% and, after a further difference map, to 19-8%. For each 
of the three zones studied, final Fourier projections were calculated, which are shown in Figs. 
1—3. The latest calculated structure amplitudes are recorded with the observed values in 








Table 1 while Table 2 gives the co-ordinates of the atoms and the individual isotropic thermal 
parameters on which these calculated values are based. As might be expected the individual 
atomic thermal parameters vary in the three projections studied; in all, C,; and C, show much 
greater temperature vibrations than the other atoms, and their positions are correspondingly 
less well defined. 


TABLE 2. 
B 
Atom * ‘y Zz Atom * y Zz {001} [010)} [101] 
Oo —0-095 —0-078 0-275 H, 0-067 0-093 0-122 5°48 4-25 6-28 
N 0 —0-003: 0-397 H, 0-320 0-012 0-487 5-48 4-25 4-19 
. 0-113 0-083 0-295 H, 0-195 —0-183 0-295 5-48 4-82 4-46 
C, 0-273 0-023 0-333 H, 0-220 —0-107 0-048 5-48 4:25 6-33 
C, 0-267 —0-117 0-220 H, 0-382 —0-160 0-237 6-67 6-38 7-74 
Cy 0-373 0-117 0-208 H, 0-378 0-217 0-330 6-67 5-60 7:30 
H, 0-118 0-182 0-365 H, 0-327 0-127 0-035 6-67 6-38 7-74 
H, 0-488 0-075 0-230 


The parameters of the hydrogen atoms given in Table 2 were derived from stereochemical 
considerations, and their contributions were included in the latest structure-factor calculations. 
The first difference maps calculated during the analysis were based on structure factors derived 
for the heavier atoms only; in these, peaks occurred in the region of the hydrogen atoms but 
were not well enough defined to be used to place these atoms precisely. 


DISCUSSION 
The interatomic distances and bond angles defined by the parameters of Table 1 for 
the trans-dimer of nitrosoisobutane are shown in Table 3 and Fig. 4. The positions of the 
atoms within the molecule appear to be closely determined by the usual conformational 
rules of preferred bond orientation. The central N,O, group, including the attached 
carbon atoms C, and C,’, is exactly planar, as can be seen clearly in Fig. 1. 
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TABLE 3. 

Standard 
Bond lengths (A) deviation Bond angles 
N-N 1-27 0-02 O-N-N 122-4° 
N-O 1-30 0-02 N-N-C, 117:1 
N-C, 1-51 0-02 N-C,-C, 112-8 
C.-C; 1-53 0-02 C,-C,-C, 109-2 
C.-C, 1-51 0-04 C,-C,-C, 107-2 
C.-C, 1-50 0-04 C.-C,-C, 113-2 

O- N-C, 120-5 


Both the N-N and N-O distances have values intermediate between those expected 
for single and double bonds. The N-N bond length lies within the range 1-25—1-28 A pre- 
dicted by Gowenlock et al.4 for the N-N bond in the trans-dimer of nitrosomethane by plot- 
ting the observed N-N bond lengths against the N-N bond order of 1-72—1-93, given by 


Fic. 4. 
¢ Oo 
[rss - 
o>. oa me ry © 
ss 7" it Ce 


ie) Cc 


J. W. Smith.5 Correspondingly, if we use our bond length to estimate the bond order 
for the N-N bond observed in the ¢rans-dimer of nitrosoisobutane we get the value 1-83. 
It would clearly be possible to account for this observation either in terms of resonance 
between structures (I) and (II) in the approximate proportions (I) 83%, (II) (two forms) 
17%, or, as Gowenlock and Liittke prefer, in terms of (I) only with an allowance for 
bond stretching on account of the adjacent formal positive charges on the nitrogen atoms. 
The C-N bond is, as might be expected, a little longer than the value 1-47 A found for 
C-N (neutral) * bonds. It is close to the -C-N*H, distances of 1-50 A and 1-49 A found 
in alanine ? and threonine.® 
i Fs me “a 
N=N N-N 
oe es \ 

(I) ~“O R “Oo R (IT) 


The distances also compare well with those recorded by Van Meersche and Germain 
for the trans-dimer of nitrosomethane itself, N-N 1-22, N-C 1-25, N-C 1-57.® This crystal 
structure, which we have also investigated, is disordered and the standard deviations of 
the bond lengths are so high that the differences between these distances and those found 
in the dimer of nitrosoisobutane are not significant. 


For the crystals used in this study and valuable discussion we are indebted to Dr. B. G. 
Gowenlock, Birmingham. One of us (H. D.) thanks the Rockefeller Foundation for a stipend 
and support of this work. : 


CHEMICAL CRYSTALLOGRAPHY LABORATORY, 
OxFORD UNIVERSITY. [Received, December 14th, 1960.] 
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717. Tungstate and Molybdate Complexes with Tartaric, Malic, 
and Succinic Acid. 


By M. J. BAILLie and D. H. Brown. 


Tungstate and molybdate ions form 1: 1 complexes with tartaric, malic, 
and succinic acid over alimited range of pH. The complexes are weaker acids 
than the parent organic acids. The nature of the anions formed has been 
investigated by polarimetric, conductometric, and potentiometric methods. 
The salts obtained on precipitation at a fixed pH are related to the anions 
existing in solution at that pH. The possible structures of the complex 
anions are discussed. 


NORMAL tungstate and molybdate ions form complexes with a number of carboxylic acids. 
Most of these complexes have been isolated in solid form but, apart from the stoicheio- 
metry, little has been elucidated about the ions present in solution. Tartaric acid and 
sodium tungstate, for example, form tartratotungstates! [WO,(C,H,O,)]?— and di- 
tartratotungstates ? ,[WO,(C,H,O,),|*", but, in solution, only the stoicheiometry of the 
1:1 complex anion has been found by Britton and Jackson.* These authors modified 
Rosenheim and Itzig’s method ! by confining their optical rotation experiments to 0-1m- 
tartaric acid solutions so as to avoid effects due to alkali-metal ions.‘ They confirmed 
the finding that the optical rotation was maximal when equimolar proportions of tungstate 
and tartrate were present in solution, t.e., that a 1:1 complex was formed. Similarly, 
with molybdate a 1:1 complex was obtained. The object of the present investigation 
was to determine the nature of the complexes and to study also the complexes with succinic 
and malic acid. : 

We confirmed Britton and Jackson’s finding of maximal optical rotation at a 1:1 
ratio of tungstate or molybdate to tartrate. However, different results were found when 
the optical rotation was examined at different pH values: equal volumes (20 ml.) of 
0-I1M-sodium tungstate and tartaric acid were mixed, the pH was adjusted with 
N-sodium hydroxide or -hydrochloric acid, the volume made up to 50 ml., and the whole 
left for 24 hours. The numerical values of « (identical for D- and L-tartaric acid) are shown 
in curve A of Fig. 1. Instead of the regular drop of optical rotation with pH in alkaline 
solution described by Britton and Jackson, four breaks in the curve were obtained, at 
pH 4-2, 7, 8-3, and 11.. At pH >11-5, the optical rotation of the tartratotungstate solution 
was the same as that of sodium tartrate solution (curve E) of the same concentration at 
the same pH, suggesting that at pH 11-5 the complex breaks down to sodium tartrate 
and sodium tungstate. With L-malic acid, a similar curve (B) was obtained with a 
smaller optical rotation and with the breaks a little less well defined, probably because 
only one asymmetric centre is involved. The corresponding molybdate complexes 
appeared to be stable over a rather lower pH range and the curves (C, D) do not show 
any breaks. 

Conductometric-titration curves (Fig. 2) for 10°m-tartratotungstate with 0-1M-sodium 
hydroxide showed an end-point corresponding to two equivalents of.alkali, the acidic 
groups being weaker in the complex than in the free acid. Similar results were given by 
malic acid and succinic acid. The same end-point (2 equivalents of alkali) was obtained 
with solutions containing an excess of the organic acid: curve (C) shows a titration of a 
solution containing a five-fold excess of malic acid. 


1 Rosenheim and Itzig, Ber., 1900, 83, 707. 
2 Barr and Henderson, /J., 1896, 69, 1451. 
8 Britton and Jackson, J., 1934, 1055. 

* Britton and Jackson, /., 1934, 998. 
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To explain these results, the following equilibria are suggested for the tartrato- 
tungstate: 


° 
OF + CyHpOg = [WO g(CyH6Og)]*- = [WOA(C,H,O,)*~ + H,O 


jor 


WO,?* + CyH,O,2> === [WO,(C4H,O,)]*~ + H,O 


The three breaks in the curve in Fig. 1 correspond to the three forms of the complex, 7.e., 
at pH 4-2 the existing species is mainly [WO,(C,H,O,)]?~, at pH 7 [WO,(C,H;0,)]*-, and 
at pH 8-2 [WO,(C,H,O,)|*-. The tetrabasic complex appears to be stable up to pH 11, 
above which decomposition into tartrate and tungstate occurs. The break in the con- 
ductivity curves at two equivalents of alkali corresponds to conversion of the dibasic into 
the tetrabasic complex. A similar series of equilibria would hold also for the tungstato- 
malic complexes. 














50 
T 40 
5 Fic. 1. Plots of optical rotation 
+ 30° against pH for: 
c (A) 0-04m-(-+-)-tartratotungstate, 
2 ‘ (B) 0-04m-(—)-malatotungstate, 
3 20 (C) 0-04m-(+-)-tartratomolybdate, 
° (D) 0-04m- —} malatomolybdate, 
= sf (E) 0-04m-(+-)-tartaric acid, and 
9 (F) 0-04m- =f -malic acid. 
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Fic. 2. Conductometric titrations of: 


(A) 10-*m-tartratotungstate, 

(B) 10-°m-sodium hydrogen tartrate, and 

(C) 10-°m-malatotungstate plus 5 x 10-°m-malic 
acid, all with 0-1N-sodium hydroxide. 


Nn 


Conductivity (IO “ohm) 
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The molybdate complexes appear to be less stable on the alkaline side. The tartrato- 
molybdate complex decomposes at pH 7-5 and the malatomolybdate complex at pH 6-2. 
If the acid strengths of the molybdate complexes are similar to those of the tungstate 
complexes, this region corresponds to ionisation of the first proton; thus no breaks would 
be expected in the plots of optical rotation against pH. Curve (D) of Fig. 1, therefore, 
records only the range of stability of the dibasic [MoO,(C,H,O,)|?~ ion. This agrees with 
the fact that only dibasic salts were obtained from this complex. 

However, when equimolar solutions of sodium tungstate and tartaric acid were mixed, 
their pH’s adjusted with sodium hydroxide, and the complexes precipitated with a barium 
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solution, the composition of the salts varied with pH, limiting values being obtained at 
pH 4 and 10 as given in Table 1. The barium salts were used, as the sodium salts were so 
soluble that they separated only on addition of ethanol to concentrated solutions. The 
formule given retain the initial number of oxygen atoms. Previous workers)? have 
written their formule to suggest breaking of W-O bonds. This seems unlikely, first, 
owing to the ease of reversibility of the reactions in solution and, secondly, because both 
tungsten and molybdenum commonly exist with six oxygen atoms co-ordinated for the 
polymerised forms. The possible structures of these complexes, discussed below, retain 
these oxygen atoms co-ordinated to the ions without loss of oxygen from the ligands. 


TABLE 1. Barium tartratotungstates.* 


Cc H wo, Ba 

Oe I a icstintrentibitaitiematenienmnte 9-7 1-2 46-15 25-35 
Cale. for Bal[WO,(C,H,O,)] (%) «----00000+- 9-0 Ll 46-5 25-7 
Pf. RECS nee 6-4 0-6 37-3 41-9 
Calc. for Ba,[WO,(C,H,O,)] (%)  ..--eeeeeees 7-2 0-5 36-8 42-9 


* Ba, by dissolution in HCl and precipitation as BaSO,. W, by removal of Ba, precipitation by 
cinchonine, and ignition to WO,;. Organic acid by combustion. 


Infrared spectra (KCl discs) of the two barium tartratotungstates were compared with 
those of tartaric acid, disodium tartrate, and barium tartrate. The carboxyl peak at 1730 
cm.* in tartaric acid shifts to 1590 cm. in spectra of the salts. For salts of the complex, 
however, the peak is slightly broader, indicating that the carboxyl group is probably 
involved in complex-formation; however, complex- and salt-formation would involve 
similar shifts, so that this evidence does not alone confirm the state of ionisation of the 
carboxylic acid groups. The contrast between the breadth of the hydroxyl peaks at 
3340 cm. in the spectra of the two complex barium salts indicates probably a decrease 
in hydrogen bonding in the salt precipitated at pH 10 since this salt gives a much narrower 
peak. 

The relative thermal stabilities of the two barium salts were compared on a thermo- 
gravimetric balance. That prepared at pH 4 was stable up to 250°, the other started to 
decompose at 150°. 

When equimolar solutions of sodium tungstate and tartaric acid, adjusted to the same 
pH, were mixed, the pH rose. This, along with the shapes of the conductivity graphs in 
Fig. 2, suggested that the complex was a weaker acid than tartaric acid. The complex 
appeared to be formed fairly completely in 0-1M-solution since, when varying amounts of 
sodium tungstate were added to a fixed concentration of tartaric acid and the pH adjusted 
to 9-5 in each case, the optical rotation reached a maximum when the ratio of tungstate 
to tartrate was 1:1 and did not increase, even with a large excess of sodium tungstate 
present. For the equilibria 

[WO4(CqHgOe)]?> = [WO,4(CGH505)]}*- + Ht 
and 

[WO,4(C,H;0,)P- == [WO,(CH,O,)]** + Ht 
the approximate dissociation constants can be calculated from the polarimetric data, by 
assuming that at pH 4-2 the dibasic, at pH 7-0 the tribasic, and at pH 8-2 the tetrabasic 
complex are present almost exclusively. Typical results obtained are-given in Table 2. 
For malic acid, the mean K, and K, values were 6-9 x 10-7 and 3-0 x 10-8 respectively. 


TABLE 2. Approximate dissociation constants of sodium tartratotungstates. 


N “cadcicgscuesistvedseonacess 4-6 5-0 5-4 6-0 7-2 7:4 7-8 8-0 
WERE beskcscdsdsecsoninsncens 3-5 3-3 3-5 3-4 —_ — — — 
PEE. “deticscmncarseeneninns — — — — 3-0 3-0 2-9 3-2 


To confirm these K, and K, values, potentiometric titrations of equimolar solutions of 
sodium tungstate and malic, tartaric, and succinic acid respectively in 0-2M-potassium 
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chloride were carried out with alkali. The curves (Fig. 3) show only one point of inflection, 
in agreement with the relative proximity of the K, and K, values. These values were 
calculated by means of Britton’s formula; 5 the mean values are given in Table 3. Included 


TABLE 3. Dissociation constants. 


kK, K, 
I BIEEE - satcdcitemisssdbeirscincouniecwdnrcinoperistanieerseranintioeee 1-32 x 10-3 1-15 x 10% 
SORAAOTND COMME csi ccccccsccsccscesceséccssccsctccosecescese 2-8 x 10° 3-4 x 10° 
PME chlndilabereitens<michiidensssinddecicdcscacahisdedcnddecéaiensescs 5-50 x 10-4 2-09 x 10-5 
NINE. - cinicetanunisveraindieisqeiiiincsaandsoentieh 73 x 107 3-0 x 10° 
SE IE Mantbencenibaneiatasicrsensnninavinsicssancenceseconciaxenaoiia 8-51 x 10°° 5-25 x 10°% 
SROSUUOIINIUNED COMIN once cccsscscccciscessccscsccestcccecscs 1 x 107 1-3 x 10° 


are K, and K, for the free acids given by Cannan and Kibrik.* The potentiometric show 
close agreement with the polarimetric data for the tartaric and malic acid complexes. 
The K, values of the complex acids are similar to each other in the same way as those 
of the free acids. The K, values, however, of the malic and tartaric acid complexes 
are very close to each other whilst the K, value for the succinic acid complex is larger, thus 
reversing the order for the free acids. A possible explanation is discussed below. 


12 


Fic. 3. Potentiometric titration of : 
(A) 0-05M-tartratotungstate, 
(B) 0-05m-succinatotungstate, and 
(C) 0-05m-malatoiungstate, each 40 mil., with 0-108N- 
sodium hydroxide. 











i020. 30. 40 
Alkali added(ml.) 

The conductometric and potentiometric experiments described above were repeated 
with diethyl tartrate in place of tartaric acid. No complex-formation was apparent with 
either tungstate or molybdate ions. 

Discussion.—Tartaric, malic, and succinic acid form 1:1 complexes with tungstate 
and molybdate ions. In the case of the tartratotungstate complex, which has been 
studied most fully, the considerable change in acid dissociation constants, the infrared 
spectra, and the fact that no complex is formed with diethyl tartrate indicate that both 
the carboxylic groups are involved. From scale models, it seems that the O-O distance 
between the two C=O groups of the carboxylic acid groups could be ca. 3-0 A, corresponding 
to that in the octahedral WO, group in heteropolytungstates 7 (2-6—3-2 A). For both 
pairs of oxygen atoms in the carboxylic acid groups to be bonded directly to the central 
tungsten atom, the W-O distances involved would be too large. When the model was 
arranged with one oxygen atom from each carboxylic acid groups in the WO, octahedron, 
forming a seven-membered ring, the hydrogen atoms of both carboxylic groups were well 
within the limits for hydrogen bonding ® to another oxygen atom of the WO, octahedron. 
This would lead to the formation of two six-membered rings which are normally stable 
groups. The restriction placed on the ionising proton by inclusion in this ring would 
account for the fact that the complex is in each case a weaker acid than the corresponding 


5 Britton, ‘‘ Hydrogen Ions,”” Chapman and Hall Ltd., London, 1955, Vol. I, p. 217. 
* Cannan and Kibrick, J. Amer. Chem. Soc., 1938, 60, 2314. 
7 Keggin, Proc. Roy. Soc., 1934, A, 144, 75. 

* Pauling, “‘ Nature of the Chemical Bond,” Cornell Univ. Press, New York, 1948, pp. 329 et seq. 
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free acid. The greater thermal stability of the un-ionised than of the ionised complex 
could also be due to the two extra ring systems formed. 

When one proton ionises, in the case of all three complexes, a similar type of ring has 
to be broken; thus the order of the K, values remains the same as in the free acids. From 
qualitative evidence, ¢.g., the very small change in the optical rotation on addition of 
succinic acid to a solution of D-tartratotungstate, it appears that the succinatotungstate 
is very much less stable than the tartratotungstate complex. Therefore, the a-hydroxy- 
groups are possibly involved through hydrogen bonding, in the complex, as shown in 
Fig. 4; these bonds will assist in stabilising the complex after the first proton is ionised. 
Thus, since there are no hydroxyl groups the succinatotungstate complex will have a 
greater tendency for hydrolysis after the first ionisation stage, so that K, and K, become 
approximately equal. As shown above, this was the case. 


Fic. 4. Possible structure of the [WO,(C,H,O,)]?- ion. " + — H 
The broken lines represent hydrogen bonds. ‘a 





The molybdate complexes appear only to exist over a limited, more acid region. They 
are hydrolysed as ionisation occurs and the only stable species are formed by the un- 
ionised acids with the molybdate ion, giving bivalent complexes possibly similar to the 
bivalent tungstate complexes described above. This difference in stability is possibly 
due to the smaller ring of the molybdate ion which, to exist in solution, requires the 
stabilising effect of the two six-membered ring systems of the un-ionised carboxylic acid 
groups with the molybdenum and oxygen atoms. 


Royat COLLEGE OF SCIENCE AND TECHNOLOGY, 
Grascow, C.1. [Received, February 15th,1961.]} 





718. Polycyclic Cinnoline Derivatives. Part VIII. Cinnolines 
and their N-Oxides and oo'-Diaminobiaryls. 


By J. F. Corpetr and P. F. Hott. 


The oxidation of six unsubstituted oo’-diaminobiaryls with sodium 
perborate and with hydrogen peroxide in acetic acid has been studied. The 
yields of the corresponding cinnolines and their N-oxides are poor to 
moderate. Three substituted derivatives of 2,2’-diaminobiphenyl give 
excellent yields of the corresponding cinnoline. Evidence for the structure 
of the N-oxides of the unsymmetrical polycyclic cinnolines has been 
obtained from studies of the competitive oxidation of mixtures of symmetrical 
polycyclic cinnolines. 


PoLycycLic cinnolines are generally prepared by reduction of 0o’-dinitrobiaryls, lithium 
aluminium hydride usually giving the best yields.» The method is sometimes inapplicable 
because substituent groups are removed or reduced; thus nitro-derivatives cannot be 
prepared by reduction methods, and halogen is sometimes eliminated. Further, some 
starting materials, particularly unsymmetrical 00’-dinitrobiaryls are difficult to prepare. 


1 Part VII, Holt, Hopson-Hill, and McNae, J., 1961, 1404. 
2 Badger, Seidler, and Thomson, J., 1951, 3207; Braithwaite and Holt, J., 1959, 3025. 
8 Corbett and Holt, J., 1960, 3646. 
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For these reasons a route involving the oxidation of oo’-diaminobiaryls has been 
investigated, such an oxidation, to give a pyridazine ring, having already been used in 
the synthesis of tetrazapyrene * and dibenzo{c, f|cinnoline ® (I). 

Peracetic acid,® sodium perborate,’ phenyl iodosoacetate,* and lead tetra-acetate ® 
oxidise primary aromatic amines to azo-compounds. We have used sodium perborate 
and hydrogen peroxide in acetic acid to oxidise a number of 0o’-diaminobiaryls; the 
results are tabulated below. 2,2’-Diaminobiphenyl, 1-o-aminophenyl-2-naphthylamine, 


Oxidation of 00'-diaminobiaryls by sodium perborate in acetic acid. 








Cinnoline Carbazole One) = 
. : . c— = rs ~ — 0) O 

Diaminobiary| Yield Yield cinnoline ¢ 

NH, Biaryl ¢ (%) M. p.2 (%) M. p. A B 
2,2’- Ph, VIII 50 156° (156°) “+ 0 = 359 70¢ 
2,2’- Ph 1-Nap I 53 156 (157) Benzojfc] Trace 135° (135°) 14 3° 
1,2’-- Ph 2-Nap VI 43 190 (190) Benzofa} ~5 226 (226) 89 24° 
2,2’- (1-Nap), If Trace 269 (270) --- 0 — 1 207 
1,1’- (2-Nap), IX 5 262 (266) Dibenzofa,i} 40 216 (216) 3 30/ 
2,1’- 1-Nap 2-Nap Vil 8 185 (185) Dibenzofa,g} 14 228 (231) 1 9¢ 


* Ph = phenyl; Nap = naphthalene or naphthyl. * M. p. from the literature in parentheses; 
the mixed melting points with authentic samples were within -+-2° of the figure given. ¢ Overall 
yields from readily available materials: column A, via the diaminobiaryl; column B, via the dinitro- 
biaryl. * Badger, Seidler, and Thomson, /J., 1951, 3207. * Corbett and Holt, /J., 1960, 3646. 
‘ Braithwaite and Holt, /., 1959, 3025. 9% These diamines can only be obtained by the reduction of 
the dinitrobiaryl. 


and 2-0-aminophenyl-l-naphthylamine gave 43—53% of the corresponding cinnoline, 
when oxidised with the theoretical amount of sodium perborate in acetic acid. The 
three diaminobinaphthyls gave less than 10% of the cinnoline in this way. Oxidation 
with an excess of hydrogen peroxide in acetic acid gave similar yields of the cinnoline 
N-oxides. In all cases an intractable yellow oil was also obtained. 

The poor yield of cinnolines from 1,1’-diamino-2,2’-binaphthyl and 2,1’-diamino-1,2’- 
binaphthyl is, in part, due to the formation of the corresponding carbazoles, as a result of 
deamination by the solvent. It has been reported previously that 0o’-diaminobiaryls, in 
which at least one of the amino-groups is attached to a naphthalene nucleus, readily give 
carbazoles with acetic acid.* Oxidation methods using non-acidic solvents, which will 
be studied, may give better yields of cinnoline. 

Steric hindrance to the adoption of a planar configuration, and thus to the close approach 
of the two amino-groups, may account for the poor yield of the cinnoline and the absence 
of carbazole in the oxidation of 2,2’-diamino-1,1’-binaphthy] (III). Some other oxidation 
process occurs, which results in the formation of a yellow oil, which was not investigated 
further. 

It is apparent from the Table that, as a preparative method for these unsubstituted 
polycyclic cinnolines, the oxidation of diamines shows no advantage over the reduction 
of dinitrobiaryls, except in the case of dibenzo{c, f}cinnoline (I) where the overall yield from 
2-naphthol is 14% in two stages via the diamine, compared with 3% from 1-naphthylamine 
in four stages via the dinitro-compound. 

Three substituted derivatives of 2,2’-diaminobiphenyl gave excellent yields of the 
corresponding benzo{c]cinnoline. 2,2’-Diamino-5,5’-dibromobiphenyl (IV; X = Br, Y = 
H) gave a 70% yield of 2,9-dibromobenzo{c]cinnoline (V; X = Br, Y = H) on oxidation 


* Holt and Hughes, J., 1960, 3216. 

5 Badger and Walker, /J., 1956, 122; Corbett and Holt, ref. 3. 
* Greenspan, Ind. Eng. Chem., 1947, 39, 847. 

7 Mehta and Vakilwala, J]. Amer. Chem. Soc., 1952, 74, 563. 
§ Pausacker, J., 1953, 1989. 

* Pausacker and Scroggie, J., 1954, 4003. 
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with sodium perborate and an almost quantitative yield of the cinnoline N-oxide with 
excess of hydrogen peroxide in acetic acid. 


Ss Se : : ° >» ; 
NH, NH, N 
H H tl 
NH, NH, N 
Hs 2N Cr a Y xX () Y 
N 


(IT) (IIT) (IV) (V) 


; 6 
ZN 
Nr ° 
6 


(VII) (VIII) 


x< 








2,2’-Diamino-3,5,3’,5’-tetrabromobiphenyl (IV; X= Y= Br) was obtained by 
brominating 2,2’-diaminobiphenyl (a specimen was deaminated to 3,5,3’,5’-tetrabromo- 
biphenyl which was identical with a sample prepared by the deamination of 3,5,3’,5’- 
tetrabromobenzidine,!® thus confirming the structure assigned). This diamine gave an 
excellent yield of 2,4,7,9-tetrabromobenzo{cjcinnoline (V; X= Y = Br) on oxidation 
with sodium perborate or with an excess of hydrogen peroxide in acetic acid. The failure 
of the tetrabromobenzo{c]cinnoline to undergo further oxidation, to an N-oxide, can be 
attributed to steric hindrance by the 4- and 7-bromine atoms and to the strong —I effect 
of the four bromine atoms. 

2,2'-Diamino-5,5’-dinitrobiphenyl (IV; X = NO,, Y = H) gave 2,9-dinitrobenzo{c]- 
cinnoline N-oxide in high yield, thus providing a route to 2,9-diaminobenzo{c]cinnoline 
(V; X = NH,, Y = H) which is formed by catalytic reduction of the dinitro-compound. 
Arcos, Arcos, and Miller reported that 5-amino-2,2’-dinitrobiphenyl did not give a 
cinnoline on reduction. 

The formation of polycyclic cinnolines by the oxidation of 00'-diaminobiaryls presumably 
occurs by intramolecular condensation of an aminonitrosobiaryl formed by oxidation of one 
of the amino-groups. Emmons has suggested that the oxidation of primary aromatic 
amines to azo-compounds, by peracetic acid, occurs by a similar intermolecular process. 

As expected, the cinnoline N-oxides obtained by oxidation of unsymmetrical 00’- 
diaminobiaryls were identical with those obtained by the oxidation of the corresponding 
cinnolines. In an earlier paper, it was suggested that the N-oxides obtained from dibenzo- 
[c,A)cinnoline (VI) and benzo[f|naphtho[1,2-cjcinnoline (VII) were the 6-oxides rather 
than a mixture of the 5- and 6-oxides.4 The results of the competitive oxidation of 
mixtures of symmetrical polycyclic cinnolines with sodium perborate in acetic acid support 
the contention that, when a ring is fused to the 3,4-position of benzo[c]cinnoline (VIII), 
N-oxidation at the 5-nitrogen atom is sterically inhibited. Oxidation of an equimolar 
mixture of benzo{c|cinnoline (VIII) and benzo[{/]naphtho[1,2-c]cinnoline (IX) with one 
mol. of sodium perborate gave benzo[c]cinnoline N-oxide as the only oxidation product. 
Similar treatment of a mixture of benzo[f]naphtho[2,1-cjcinnoline (II) and benzo[h)- 
naphtho[2,1-c]cinnoline (IX) gave the N-oxide of (II) only. In each case the cinnoline 
(IX) was recovered as its hemipicrate. 


10 yan Roosmalen, Rec. Trav. chim., 1934, 58, 359. 
11 Arcos, Arcos, and Miller, J]. Org. Chem., 1956, 21, 651. 
12 Emmons, J. Amer. Chem. Soc., 1954, 76, 3470. 
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EXPERIMENTAL 


1-o-Aminophenyl-2-naphthylamine.—The diamine was obtained by the method of Fuchs 
and Niszel,!* but with heating for only 12 hr. This gave a 20% yield (cf. 5%) of the diamine, 
m. p. 155° (lit., m. p. 156-5—157-5°). 

2,2’-Diamino-1,1’-binaphthyl, 11, 1’-diamino-2,2’-binaphthyl,® 2-o-aminopheny]l-1-naphthyl- 
amine,!® and 2,1’-diamino-1,2’-binaphthyl !” were obtained by published methods. 

Oxidation of Diaminobiaryls.—(i) The diamine (0-1 g.) in acetic acid (2 ml.) was treated with 
sodium perborate (2 equiv.) in acetic acid, at room temperature. After 2 hr., the solution was 
poured into water and basified. The precipitate was filtered off and dried, then dissolved in 
benzene. The solution was chromatographed on alumina and the eluate collected in small 
fractions. Early fractions contained the carbazole, and later fractions the cinnoline. When 
the cinnoline fractions contained a yellow oil, the cinnoline was isolated by dissolving the 
mixture in a small volume of acetone and precipitating the cinnoline as its hydrochloride by 
bubbling hydrogen chloride through the solution. The cinnoline was recovered from its 
hydrochloride by treatment with water. The yields of carbazole and cinnoline, m. p.s and 
mixed m. p.s (cf. ref. 3) are given in the Table. 

(ii) The diamine (0-1 g.) in acetic acid (5 ml.) was treated with 80% w/v hydrogen peroxide 
(0-2 ml.). After 2 hr. at room temperature the solution was poured into water and basified. 
The precipitate was dried and dissolved in benzene. Chromatography on alumina gave the 
carbazole in the first portions of eluate and the cinnoline N-oxide, together with a yellow oil, 
in later portions. The cinnoline N-oxide was isolated by crystallisation from ethanol. 

2,2’-Diamino-5,5’-dibromobiphenyl.—2,2’-Bisacetamidobiphenyl was brominated and the 
product hydrolysed by Le Févre’s method.!* The product formed colourless crystals, m. p. 
140° (lit., m. p. 140—141°), from ethanol. 

2,9-Dibromobenzo[c)cinnoline.—2,2’-Diamino-5,5’-dibromobiphenyl (0-2 g.) in acetic acid 
(5 ml.) was treated with sodium perborate (0-185 g.) in acetic acid (8 ml.). The mixture was 
set aside for 1 hr. at room temperature and then heated, for a further hour, on a water-bath. 
The solution was poured into water and the precipitate was recrystallised from ethanol. 2,9- 
Dibromobenzo[c]cinnoline formed pale yellow needles (0-14 g., 70%), m. p. 258° (Found: C, 42-4; 
H, 1-8; N, 8-2; Br, 46-9. C,,H,Br,N, requires C, 42-5; H, 1-8; N, 8-3; Br, 47-3%). 

2,9-Dibromobenzo[c]cinnoline N-Oxide.—2,2’-Diamino-5,5’-dibromobipheny] (0-2 g.) in acetic 
acid (10 ml.) was treated with 80% w/v hydrogen peroxide (0-5 ml.), and the mixture heated 
on a water-bath. After } hr., the product separated as a yellow solid. Water was added, and 
the precipitate recrystallised from acetic acid. 2,9-Dibromobenzo[c]cinnoline N-oxide formed 
pale yellow needles (0-20 g., 98%), m. p. 300° (Found: C, 40-9; H, 2-0; N, 7-6; Br, 45-3. 
C,,.H,Br,N,O requires C, 40-6; H, 1-7; N, 7-9; Br, 45-2%). 

The N-oxide was also formed by oxidation of the cinnoline with peracetic acid. 

2,2’-Diamino-3,5,3’,5’-tetrabromobiphenyl.—2,2’-Diaminobiphenyl (1-0 g.) in acetic acid 
(20 ml.) was treated with bromine (3-6 g.) in acetic acid (10 ml.). The solution was heated on 
a water-bath for 1 hr. and then poured into water. The precipitate was filtered off and washed 
with aqueous sodium metabisulphite and water, then dried. Recrystallisation from ethanol 
gave 2,2’-diamino-3,5,3’,5’-tetrabromobiphenyl as off-white needles, m. p. 170° (Found: C, 29-1; 
H, 1-5; N, 5-5; Br, 63-7. C,,H,Br,N, requires C, 28-8; H, 1-6; N, 5-5; Br, 64-0%). 

2,4,7,9-Tetrabromobenzo[c|cinnoline.—The diaminotetrabromobiphenyl (0-2 g.) in acetic 
acid was oxidised with sodium perborate, and with excess of hydrogen peroxide in acetic acid, 
as described above. Sodium perborate gave 0-11 g. (55%) and peracetic acid 0-185 g. (92%) of 
2,4,7,9-tetrabromobenzo[c]cinnoline which crystallised from acetic acid as bright yellow needles, 
m. p. 300° (Found: C, 29-4; H, 1-2; N, 5-8; Br, 63-8. C,.H,Br,N, requires C, 29-0; H, 0-8; 
N, 5:7; Br, 64-4%). 

Deamination of 2,2’-Diamino-3,5,3’,5’-tetrabromobiphenyl.—The diamine was deaminated 


13 Fuchs and Niszel, Ber., 1927, 60, 209. 

4 Cumming and Howie, J., 1932, 528. 

18 Hodgson and Habeshaw, J., 1947, 77. 

16 Whaley, Meadow, and Robinson, J. Org. Chem., 1954, 19, 973. 
17 Ward and Pearson, J., 1959, 3378. 

18 Le Févre, J., 1929, 736. 
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as described by van Roosmalen for the deamination of tetrabromobenzidine.! 3,5,3’,5’- 
Tetrabromobiphenyl formed almost colourless crystals, m. p. 186° (lit., m. p. 186°). The 
mixed m. p. with a sample prepared by van Roosmalen’s method was 185—186°. 

2,2’-Diamino-5,5’-dinitrobiphenyl.—2,2’-Bisacetamidobipheny] was nitrated and the product 
hydrolysed by Sako’s method.!® The product formed brown-yellow crystals, m. p. 304° 
(lit., 303°). 

2,9-Dinitrobenzo[c|cinnoline N-Oxide.—The above diamine (0-2 g.), suspended in hot acetic 
acid (10 ml.), was treated with 80% w/v hydrogen peroxide (0-5 ml.). The solid dissolved, and 
later the product separated as yellow needles which were filtered off, washed with acetic acid, 
and dried. Recrystallisation from aqueous dimethylformamide gave 2,9-dinitrobenzo{c]- 
cinnoline N-oxide (0-2 g., 97%), m. p. 324° (slight decomp. >300°) (Found: C, 50-4; H, 2-3; 
N, 19-1. C,,.H,N,O, requires C, 50-4; H, 2-1; N, 19-6%). 

2,9-Diaminobenzo[c]cinnoline.—The last N-oxide (40 mg.) was suspended in ethanol (100 
ml.) and shaken with Adams catalyst under hydrogen at l atm. After absorption of hydrogen 
had ceased, the solution was evaporated to small bulk. 2,9-Diaminobenzo[c)cinnoline 
separated as yellow needles which decomposed, without melting, at 315° (Found: C, 68-7; 
H, 4-4; N, 26-65. C,.H,)N, requires C, 68-6; H, 4-8; N, 26-65%). The diamine gave a yellow 
solution in dilute hydrochloric acid. 

Competitive Oxidation of Symmetrical Cinnolines.—(i) Benzo{clcinnoline (45 mg.) and 
benzo[h]naphtho[1,2-c]cinnoline (70 mg.) in acetic acid (8 ml.) was treated with sodium per- 
borate (38 mg.) in acetic acid (6 ml.)._ The solution was kept at about 40° for 2 hr., then poured 
into water and basified with ammonia. The precipitate was filtered off, dried, and dissolved 
in the minimum amount of ethanol. An excess of picric acid, in ethanol, was added and the 
cinnoline picrate filtered off (71 mg., 73%); it had m. p..243—245° (lit., for benzo[h]naphtho- 
[1,2-c]cinnoline hemipicrate, m. p. 245°). The ethanolic filtrate was basified with ammonia 
and extracted with benzene. The benzene extract was dried and evaporated and the residue 
was recrystallised from ethanol, to give benzof{c]cinnoline N-oxide (44 mg., 88%), m. p. 136° 
(lit., m. p. 141°), mixed m. p. 138—140°. 

(ii) The above procedure was repeated, with benzo[f]naphtho[2,1-c]cinnoline (70 mg.) and 
benzo[h]naphtho[1,2-c]cinnoline (70 mg.) and sodium perborate (38 mg.). The cinnoline 
picrate had m. p. 245° (lit., for benzo[h]naphtho{1,2-c]cinnoline hemipicrate, m. p. 245°) (yield 
65 mg., 67%). The cinnoline N-oxide had m. p. 250—252° (lit., for benzo[ f]naphtho[2, l-c]- 
cinnoline N-oxide, m. p 252-5°) (yield 70 mg., 94%). 


THE UNIVERSITY, READING. [Received, February 24th, 1961.) 


19 Sako, Mem. Coll. Eng., Kyushu Univ., 1932, 6, 327. 





719. Some Five-co-ordinate Complexes of Platinum(t1). 
By J. A. BREwsTErR, C. A. SAVAGE, and L. M. VENANZI. 


Tris-(o-diphenylarsinophenyl)arsine, QAS, forms complexes’ with 
platinum(11) of the type [PtX(QAS)]Y (X = Cl, Br, I, and SCN; Y = Cl, 
Br, I, SCN, ClO,, and BPh,). In these complexes the platinum atom is 
five-co-ordinate both in solution and in the solid state. 

Bis-(o-diphenylarsinophenyl)phenylarsine, TAS, on the other hand, 
forms complexes of the type [PtI(TAS)]X (X =I and ClQ,), which are 
four-co-ordinate both in solution and in the solid state. : 


TRIS-(0-DIPHENYLARSINOPHENYL)ARSINE,! (QAS) (I), reacts with the halogen-complexes 
of platinum(I1) to form derivatives of the type PtX,(QAS). These compounds react with 
sodium perchlorate or sodium tetraphenylborate with replacement of one atom of halogen. 
The complexes prepared are listed in Table 1. All the compounds are 1 : 1 electrolytes 
in nitrobenzene solution and thus are to be formulated as [PtX(QAS)}|X or [PtX(QAS)]Y. 
Great interest attaches to the structure of these derivatives. The steric requirements 


1 Howell, Pratt, and Venanzi, J., 1961, 3167. 
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of the tetradentate ligand are such that, if platinum(m) is to maintain its usual co-ordin- 
ation number 4, only three of the arsenic atoms can be attached to the acceptor atom 
(see II). Alternatively, the complex could be five-co-ordinate with either ‘a trigonal 
bipyramidal (III) or a tetragonal pyramidal arrangement (IV) of donor atoms. 


fo, go 
AsPh2 As As------ As 
(; \ ws 
‘ t ’ 
As Pad x / 
As-------- xX 
3 
(I) (IT) 





The planar structure (II) can be ruled out on the following evidence: 
(1) Addition of an excess of methyl iodide to a 10%m-solution of [PtCl(QAS)](C10,) 
in nitrobenzene caused no change in the conductance of the solution over a period of 24 


TABLE 1. Colour, melting point, and molar conductance of complexes of QAS and TAS 


of platinum(t1). 

Compound Colour M. p. Ay * (mho) 
ENED | veavcicxnsnennnidetscemnesetnens Yellow orange 338—339° 25-2 (18°) 
EEE Scanciccswineedeversosacasncasses Orange 356—357 24-9 (19°) 
i REN REE Al REAL AICE OTE Maroon 364—365 25-3 (18°) 
a a eee Orange-yellow 332—333 30-5 (20°) 
ENED Sine ctcnticdssecsinesueseneese Orange 363—364 27-0 (18°) 
RIED dcncien xin ctaddaninesaadtons Orange 372—374 29-7 (20°) 
(7 * aa Orange 274—276 17-4 (18°) 
Ga ow) Og, Orange-red 294—295 18-5 (18°) 
Qa? 3 aaa errrerrrre Red 278—279 20-7 (20°) 
LPO IAS) LBP ig) «...cccseccoseosssecsess Orange 257—258 16-0 (18°) 
SUNEINEEEL  -chinsnattnetesscnsvanssesesndssevace Yellow 352—353 27-7 (20°) 
EINE. .Akincanmahasdaminceicsunnnineies Yellow 357—358 28-7 (20°) 


* Molar conductance of approx. 10-°m-solutions of the complexes in nitrobenzene. 


hours. A control test with a 1-102 x 10%m-solution of the non-conducting QAS resulted 
in a steady increase in conductance due to quaternization of the arsenic atoms, the final 
value of the equivalent conductance being 1-42 umho. The values of the molar conductance, 
calculated on the basis of the formation of [(QAS)MejI, [((QAS)Me,|I,, and [(QAS)Me,]I, 
are 50-8, 57-2, and 63-6 mho respectively, indicating the quaternization of at least three, 
arsenic atoms. 

(2) The spectra of the QAS complexes differ significantly from those of the square- 
planar complexes of platinum(11). The low-frequency bands (20,000—28,000 cm.) have 
molar extinction coefficients of the order of 10%. These bands are about 10,000 cm.7? 
lower in frequency than the corresponding band ? in [PtCl(NH3)3],SO, (see Fig. 1). 

In order to check that the above frequency shifts are not due to the uncharged ligand, two 
complexes of bis-(o-diphenylarsinophenyl)phenylarsine (V) (TAS) were prepared. These 


AsPh, As -------- As 
( * a! 
/ e # 
PhAs (V) i <. w/ (VI) 


2 


are listed in Table 1. They are 1:1 electrolytes in nitrobenzene solution, and thus are 
to be formulated as [PtX(TAS)]Y (VI), and their absorption spectra are very similar to 
that of the [PtCl(NH,)3]* ion (see Fig. 2 and ref. 2). 


* Chatt, Gamlen, and Orgel, J., 1958, 486. 
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If the OAS complexes were planar, 1.e., of type (II), one would find that their spectra 
would be similar to those of the TAS complexes. Thus, we have additional evidence in 
favour of the formation of five-co-ordinate complexes. The band shifts, on going from 
the TAS to the OAS complexes, are towards longer wave-lengths as would be expected on 
a crystal-field model.® 

(3) Comparison of the spectra of the series [PtX(QAS)]Y {X = Cl and I; Y = Cl 
(or I), ClO,, and BPh,} shows that the replacement of one donor ion (Cl or I) by a non- 
donor one does not cause a shift in frequency of the absorption bands of the complexes 
(see Fig. 3). Intensity differences are, however, observed. 


Fic. 2. Comparison of the absorption 


Fic. 1. Absorption spectra of complexes spectra of (QAS) and (TAS) com- 
[PtX(QAS)]X. plexes. 
5r 5+ 























4 4+ 
w Ww 
g 
3 3 
1 | 1 | 
3 4 + 2 3 
Frequency (1O-cm*') Frequency (10%cm*') 
O—O X =Cl; A---A X=Br; O © [PtI(QAS)]I; 
ee yX=T; ¥——VIPtl(QAs)}(Cio,); 
G)---) X= SCN. } © [PtI(TAS)]I: 
WP cacacaiect y [PtI(TAS)}(CIO,). 


While we can postulate five-co-ordination in solutions of complexes of QAS it might 
be argued that these structures do not persist in the solid state. We have evidence, 
however, that no structural changes accompany the process of solution: 

(a) The reflection spectra of the solid QAS complexes are very similar to those of their 
methanol solutions (see Figs. 4 and 5). 

(b) The infrared spectrum of solid [Pt(SCN)(QAS)](SCN) shows clearly two bands 
attributable to the CN stretching vibration, one at 2120 and the other at 2060 cm.. The 
former corresponds to a co-ordinated thiocyanate and the latter to a free thiocyanate 
group. 

Our experiments do not allow a choice between the trigonal bipyramidal structure 
(III) and the tetragonal pyramidal one (IV) for the five-co-ordinate complexes, but 
examination of molecular models indicates the former as the more probable. 

Harris e¢ al.5 have described a series of complexes of platinum(11) co-ordinated to four 
arsenic atoms: these are derivatives of the diarsine o-C,H,(AsMe,), (DAS) and are of the 
type [PtX(DAS),]Y (X = halide ion, Y = halide ion or other anion). Harris e¢ al., 
however, do not report the spectra of their compounds either in solution or in the solid 

3 Basolo and Pearson, ‘‘ Mechanisms of Inorganic Reactions,” Wiley, New York, 1958, p. 55. 

4 Pecile, Giacometti, and Turco, Atti Accad. naz. Lincei, Rend. Classe Sci. fis. mat. nat., 1960, 28, 


189, and previous references quoted therein. 
5 Harris, Nyholm, and Phillips, J., 1960, 4379. 
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state and thus no direct comparison between the DAS and the QAS complexes is possible. 
It is, however, interesting that the DAS complexes of Harris e¢ al. have colours which 
are like those of our TAS complexes but are lighter than those of the QAS complexes. 
This might be taken as an indication that the characteristic band in the range 20,000— 
28,000 cm.~! is absent for the complexes of the diarsine (DAS). 
An attempt was made to see whether more than one molecule of TAS could be co- 
ordinated to a platinum atom. Addition of TAS to a nitrobenzene solution of [PtI(TAS)}I 


Fic. 3. Comparison of the spectra of 


complexes [PtCl(QAS)]Y. Fic. 4. Reflectance spectra of com- 
plexes [PtX(QAS)]X. 
aj 
ay 2 
é A eBlog 
A rs ff oe mae 
oe bf” R-gbotatn 
gee ws 
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Sr 
Fic. 5. Reflectance spectra of (QAS) and (TAS) ror 
complexes. rat 
O—O [PtI(QAS)]I; y—v [Pt(Qas)(Clo,);  * 
Q-----© [Pt(TAS)I; 
VY -----¥ Ptl(TAS)(CloO,). oO5/+- 
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showed no increase in conductance and we conclude that the tendency of platinum(m) to 
form six-co-ordinate complexes with our tridentate arsenic ligands is, at best, very slight. 

Powell and his co-workers have carried out X-ray structural investigations on the 
compounds MX,,MeAs(CH,*CH,°CH,*AsMe,). (M=Ni, Pd, and Pt). The nickel 
derivative is five-co-ordinate in the solid state, with the structure of a distorted tetragonal 
pyramid, while the palladium and platinum derivatives are four-co-ordinate in the solid 
state, with near-planar co-ordination around the central metal atom and should, therefore, 








reo=_ 


oD =e 


co, 


19. 
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be formulated as [MX{MeAs(CH,°CH,°CH,*AsMe,),}]X.? Our TAS complexes are 
obviously of the same type. 

[Added in proof: An X-ray structural study of [PtI(QAS)][BPh,] § confirms the trigonal 
bipyramidal co-ordination at the platinum atom as in (III).] 


EXPERIMENTAL 


Preparation of the arsines is described elsewhere. 

Halogenoltris - (o-diphenylarsinophenylarsine) | platinum (11) Salits.—The chloro - chloride 
[PtCl(QAS)}Cl. Sodium chloroplatinite tetrahydrate (0-23 g.) in ethanol (25 c.c.) was added 
gradually to a boiling suspension of the arsine (0-55 g.) in ethanol (50 c.c.). The mixture 
was refluxed for 2 hr. and the yellow solution filtered from a small amount of brown solid. 
Evaporation of the filtrate gave the crude product (0-57 g.) which was purified by repeated 
recrystallisation from chlorobenzene (yield 0-23 g.) (Found: Pt, 15-5. C,,H,.As,Cl,Pt requires 
Pt, 15-5%). 

The bromo-bromide, [PtBr(QAS)]Br. Sodium chloroplatinite (0-46 g.) and sodium bromide 
(0-52 g.) in ethanol (80 c.c.) were treated with the arsine (1-10 g.) as above. The product 
(1-04 g.) recrystallised from nitromethane (yield 0-5 g.) (Found: Pt, 14:25. C,,H,,As,Br,Pt 
requires Pt, 14-5%). 

The iodo-iodide [PtI(QAS)]I. Sodium iodoplatinite, prepared from the chloro-complex 
(0-23 g.) and sodium iodide (0-37 g.) in ethanol (35 c.c.), was added to a suspension of the arsine 
(0-55 g.) in ethanol (30 c.c.), and the mixture was refluxed for 4 hr. The solid product recrystal- 
lised from nitromethane (yield 70%) (Found: Pt, 13-7; C, 44-6; H, 2-9. C,,H,,As,I,Pt 
requires Pt, 13-55; C, 45-1; H, 2-8%). | 

The thiocyanato-thiocyanate, [Pt(SCN)(QAS)](SCN). Prepared as above from Na,PtCl,,4H,O 
(0-46 g.), potassium thiocyanate (0-46 g.), and the arsine (1-1 g.). The product was obtained 
by evaporation of the solution and purified by recrystallisation from butanol (Found: Pt, 14-9; 
C, 52-1; H, 3-15; N, 2:3. C,,.H,As,N,PtS, requires Pt, 15-0; C, 51-7; H, 3-25; N, 2-15%). 

The chlovo-perchlovate, [PtCl(QAS)](C1lO,). A solution of [PtCl(QAS)]Cl (from 0-69 g. of 
Na,PtCl,,4H,O) in ethanol (180 c.c.) and chloroform (70 c.c.) was treated with a solution of 
sodium perchlorate (0-5 g.) in ethanol (20 c.c.). The product (1-85 g.) was precipitated slowly, 
and after filtration was recrystallised from nitromethane (yield 1-15 g.) (Found: Pt, 14-9; 
C, 48-8; H, 3-2. C,,H,,As,Cl,O,Pt requires Pt, 14-8; C, 49-1; H, 3-2%). 

The iodo-perchlorate, [PtI(QAS)](ClO,). Prepared analogously to the chloro-complex from 
0-69 g. of sodium chloroplatinite. Evaporation of the solution was necessary to obtain the 
product (1-6 g.) which recrystallised from nitromethane (yield 0-5 g.) (Found: Pt, 13-8; C, 
46-15; H, 2-8; I, 9-3. C,,H,,As,Cl1IO,Pt requires Pt, 13-8; C, 45-9; H, 3-0; I, 9-0%). 

The chloro-tetraphenylborate, [PtCl(QAS)][BPh,]. <A solution of [PtCl(QAS)]Cl was treated 
with the stoicheiometric amount of sodium tetraphenylborate in ethanol. The precipitated 
salt was filtered off and recrystallised from anisole (yield 45%) (Found: Pt, 12-4; C, 60-6; 
H, 4:3. C,,H,,As,BCIPt requires Pt, 12-6; C, 60-6; H, 4-4%). 

The bromo-tetraphenylborate, [PtBr(QAS)][BPh,]. This sal# was prepared analogously 
to the chloro-complex and recrystallised from nitromethane (Found: Pt, 12-2; C, 58-2; H, 
3°75; Br, 4-9. C,,H,,As,BBrPt requires Pt, 12-3; C, 58-9; H, 4:3; Br, 5-0%). 

The iodo-tetraphenylborate, [PtI(QAS)][BPh,], was prepared and purified analogously to the 
corresponding perchlorate (Found: Pt, 11-6. C,,H,,As,BIPt requires Pt, 11-9%). 

The thiocyanato-tetraphenylborate, [Pt(SCN)(QAS)][BPh,], was prepared and purified 
analogously to the chloro-compound (Found: Pt, 12-4; C, 60-8; H, 3-9; N, 1-0, 
C,,H,gAs,BNPtS requires Pt, 12-4; C, 60-5; H, 4:4; N, 0-9%). 2 

Iodu[bis - (o-diphenylarsinophenyl) phenylarsine)|platinum(t1) Salts.—The iodo - iodide, 
[PtI(TAS)]I, was prepared and purified analogously to the QAS complex (yield 30%) (Found: 
Pt, 16-2; C, 41-55; H, 2-7. C,,H3,As,I,Pt requires Pt, 16-1; C, 41-6; H, 2-75%). 

The iodo-perchlorate, [PtI(TAS)](ClO,), was prepared and purified analogously to the QAS 
complex (yield 30%) (Found: Pt, 11-5. C,,H;,As,lO,Pt requires Pt, 11-05%). 

® Sandell, ‘‘ Colorimetric Determination of Traces of Metals,’ Interscience Publ. Inc., New York 
1959, p. 726. 


7 Mair, Powell, and Henn, Proc. Chem. Soc., 1960, 415, and personal communication. 
8 Mair, Powell, and Venanzi, Proc. Chem. Soc., 1961, 170. 





3704 Some Five-co-ordinate Complexes of Platinum(t1). 


Analyses.—Platinum analyses were carried out spectrophotometrically by the stannous 
chloride method.* ‘ Ashing’”’ of the sample before the determination of platinum was done 
by using equal amounts of concentrated nitric acid and 72% perchloric acid and refluxing 
on a sand-bath for several hours. After evaporation of the acids, the residue was treated 


TABLE 2. Frequency of maxima (Vmax), and maximum extinction coefficients (e) in the 
absorption spectra of platinum(t1) complexes of QAS and TAS. 


Solution Solid 
Compound 1Prncz, 10%< 10? vnax. a 
TE  Adnisscensuedsinasibesss< 22-99 sh 7-19 * 21-0—26-0 1-50 
25-13 8-60 
36-77 sh 30-8 * 
42-74 sh 61-3 * 
PUEDE, se ciceiccccuimiietaieessate 22-32 sh 8-79 * 20-0—26-0 1-56 
24-21 10-0 
34-48 sh 21-8 * 
42-55 sh 66-0 * 
SEENES: .- axis ddoonescconantsorsesseiian 20-83 sh 5-24 * 20-0—23-5 1-52 
22-12 6-30 
31-75 12-8 * 
42-55 sh 62-5 * 
[Pt(SCN)(QAS)](SCN) ..............000 22-32 sh 5-26 * 21-0—26-0 1:39 
25-25 7-36 
38-31 sh 32-6 * 
42-74 sh 60-8 * 
ye eh ree 22-22 sh 6-48 * 21-0—25-5 1-55 
24-76 8-20 
36-10 sh 23-7 * 
42-55 sh 54-7 * 
SPUEEEEMMEED -écessscuicanenssceniases 20-83 sh 4-62 * 21-0—23-0 1-59 
22-22 5-54 
31-75 sh 11-4 * 
42-55 sh 47-0 * 
SUMMER  stviccsiacasccsivecss 22-94 sh 4-22 * 21-0—25-2 1-61 
25-32 5-16 
36-36 sh 22-6 * 
42-55 sh 50-5 * 
FPRRIAS Rag) cisccscnecccccscssses 21-98 sh 3-68 * Not recorded 
24-39 4-19 
37-04 sh 25-8 * 
42-55 sh 49-0 * 
PUEDE MEIOAS es cccccadcvescsicvecnees 20-83 sh 3-40 * Not recorded 
22-47 3-91 
31-25 sh 10-2 * 
42-55 sh 55-0 * 
[Pt(SCN)(QAS)][BPhy,] ................4- 22-22 sh 3-04 * Not recorded 
25-32 4-58 
37-74 sh 24-7 * 
42-55 sh 62-0 * 
SUMMED, S+00tadh0bsigimidinesieianice 29-41 sh 5-8 * 26-5 broad 1-36 
38-46 41-0 
45-46 sh 54 * 
EPOPERAUERDIGEEAD, « cvtcorenascccnnsancensws 29-41 sh 4-2* 26-7 broad 1-22 
36-63 sh 21-7 * 
42-55 sh 42* 


sh = shoulder. * Extinction coefficients at the point of inflection. 


twice with concentrated hydrochloric acid (5 c.c.), and the solution evaporated to dryness. 
The residue was then used for the determination of platinum. 

Conductance Measurements.—These were done with ~10™m-solutions of the complexes in 
nitrobenzene, a type E 7566 Mullard conductivity bridge being used. A cell with bright 
platinum electrodes was used, the cell constant being 0-345. 

Measurements of the Absorption Spectra.—The spectra of solutions (in methanol) were 
measured at room temperature on a Beckman Ratio Recording Spectrophotometer over the 
range 10,000—50,000 cm.*?. 

The reflectance spectra of the finely powdered solids were measured on a Unicam S.P. 500 











er 


es 
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spectrophotometer fitted with a Unicam diffuse reflection attachment, S.P. 540, and magnesium 
carbonate as the reference substance. 

The values of vp,x, and the corresponding extinction coefficients, e, are listed in Table 2. 
The intensity of absorption in the reflection spectra is given on an arbitrary scale, ‘‘ D,’’ which 
varies from compound to compound. 


The authors thank Dr. R. J. P. Williams for the use of the Beckman spectrophotometer, 
Miss M. I. Christie for the use of the Unicam spectrophotometer, and Professor E. R. H. Jones, 
F.R.S., for the use of an infrared spectrophotometer. 


INORGANIC CHEMISTRY LABORATORY, 
UNIVERSITY OF OXFORD. [Received, March 1st, 1961.]} 





720. West African Timbers. Part IV.1 Some Reactions of 
Gedunin. 


By A. AkisAnyA, C. W. L. Bevan, T. G. HAtsatt, J. W. Powe t, 
and D. A. H. TAYLor. 


Some reactions of gedunin are described, and it is shown that they are 
explained by a structure (II) similar to that recently proved for limonin. 


RECENTLY we described ! the isolation of gedunin from the timber of Entandrophragma 
angolense. The formula CygH449g)0, was assigned to this compound, and it was shown 
that on hydrogenation over palladised charcoal it gave a dihydro-derivative, which we 
have also obtained as a natural product from several timbers. It was also shown that 
on steam-distillation from alkali gedunin gave furan-3-aldehyde which was isolated 
as its dinitrophenylhydrazone. The reactions now described indicate that the formula 
is CygH,,0,. 

Gedunin shows absorption maxima in the ultraviolet (Amax, 215 and 335 my, log e 4-12 
and 1-8) and in the infrared region (1668 cm.) consistent with the presence of an «8- 
unsaturated ketone group, and gives a red dinitrophenylhydrazone. The spectrum of 
dihydrogedunin does not show these characteristics, but has a new band at 1709 cm.-1, 
suggesting that it is the corresponding saturated ketone. The maximum at 215 my is 
due to absorption by both the «f-unsaturated ketone group and the furan ring. When 
the spectrum of dihydrogedunin, which still has the furan ring (vmax, 1502 and 875 cm.*), 
is subtracted from that of gedunin, the maximum for the unsaturated ketone appears at 
227 my (log « 4-0). The maximum of cholest-1l-en-3-one is at 230 my (log ¢ 4-0). 

The molecular-rotation difference between gedunin and dihydrogedunin is —173°, in 
agreement with the change of —162° between 1,2-dehydrohinokione and hinokione, a 
3-oxo-diterpene.* (In ref. 1 the rotation of gedunin and of dihydrogedunin is given with 
the wrong sign, as — instead of +). Reduction of gedunin with sodium borohydride 
gave an alcohol which on re-oxidation with chromic acid in acetone * gave dihydrogedunin. 
The molecular-rotation difference between dihydrogedunin and the borohydride reduction 
product was —110°, in agreement with the change of —85° between $-amyrone and 
8-amyrin. This unusual reduction of an unsaturated ketone to the corresponding 
saturated alcohol has been reported by Albrecht and Tamm 5 in the case of cholest-1- 
en-3-one, and we consider that the evidence suggests that gedunin is a 3-oxo-A!-triterpene 
derivative. Further evidence on this is described below. 


1 Part III, Akisanya, Bevan, Hirst, Halsall, and Taylor, J., 1960, 3827. 
2? Unpublished work. 

3 Personal communication from Dr. Yuan-Lang Chow. 

* Bowers, Halsall, Jones, and Lemin, J., 1953, 2548. 

5 Albrecht and Tamm, Helv. Chim. Acta, 1957, 40, 2217. 
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Hydrolysis of gedunin under mild conditions gives an alcohol, deacetylgedunin, 
unaffected by acetic anhydride and pyridine, but giving gedunin on treatment with acetic 
anhydride and toluenesulphonic acid. This suggests that gedunin is the acetate of a 
tertiary or sterically hindered secondary alcohol. The molecular-rotation change of 
—118° between deacetylgedunin and gedunin is similar to the increment of —84° accepted 
for acetylation of the hindered axial 7«-hydroxy-group in a steroid. 

The most remarkable feature of the chemistry of gedunin is the alkaline hydrolysis 
leading to the production of furan-3-aldehyde. This is reminiscent of the chemistry of 
limonol,* and it seems a reasonable hypothesis that the same structural element is 
responsible for this change in both cases. For limonol (I) it has been shown” that the 
7«-hydroxy-group, the ethylene oxide ring, and the lactone are all involved in the reaction. 
If we suppose that this element is present in gedunin, and add an unsaturated ketone 
group in ring A of a triterpene nucleus, we arrive at the structure (II; R = H) for deacetyl- 
gedunin, gedunin itself being the 7-acetate (II; R = Ac), in agreement with the results 
of mild hydrolysis. The molecular-rotation change between limonol and its acetate is 





—72°. Gedunin is therefore of the limonin group, being at a lower oxidation level than 
limonin (III) itself.’ 

Ozonolysis of a substance having the structure (IV) suggested for dihydrogedunin 
would be expected to break the furan ring, giving the acid (VIII) (C,;H,,0,), by analogy 


CO,H 


(V1) 
Oc OH 


| A ¢ 
(VIII) oO H (LX) 


with the ozonolysis of dihydrocolumbin (V) to the acid® (VI) and of limonin (III) to 
etiolimoninic acid® (VII). In fact, ozonolysis of dihydrogedunin gave a crystalline acid 
of this molecular formula. On saponification of the acid just over three mol. of alkali 





® Melera, Schaffner, Arigoni, and Jeger, Helv. Chim. Acta, 1957, 40, 1420. 

7 Arigoni, Barton, Corey, Jeger, and others, Experientia, 1960, 16, 41; Arnott, Davie, Robertson, 
Sim, and Watson, ibid., p. 49; Barton, Pradhan, Sternbill, and Templeton, J., 1961, 255. 

§ Barton and Elad, J., 1956, 2085, 2090. 














(1961) West African Timbers. Part IV. 3707 


were consumed, and its methyl ester was reduced with sodium borohydride to an amorphous 
alcohol, which on treatment with phosphorus pentachloride and then ozonolysis gave 
acetone. This reaction sequence is characteristic of 4,4-dimethyl-3-oxo-di- and -tri- 
terpenes, with rings A and B trans-fused. The other product of the ozonolysis, which 
remained amorphous, should be the cyclopentanone (IX), and in agreement with this it 
showed an absorption band at 1736 cm. in chloroform; the allocation of this to a cyclo- 
pentanone is, however, confused by the methoxycarbonyl absorption, which was not 
clearly resolved. 


EXPERIMENTAL 


Ultraviolet spectra were determined for ethanol solutions. Light petroleum refers to the 
fraction with b. p. 60—80°. 

Gedunin Dinitrophenylhydrazone.—tThis derivative formed red plates, m. p. 255—256°, from 
methanol—chloroform (Found: C, 61:25; H, 5-65; N, 8-8. C3,H;,0,)N, requires C, 61-6; 
H, 58; N, 845%), Amax, 375 my (log e 445). 

Dihydrogedunin Dinitrophenylhydrazone.—This formed yellow plates, m. p. 195—198°. 

Dihydrogedunol.—A solution of gedunin (3-09 g.) in hot methanol (100 ml.) and chloroform 
(50 ml.) was cooled to 10°. Sodium borohydride (0-2 g.) in methanol (5 ml.) was added, and 
after 45 min. acetic acid (2-5 ml.) and water (250 ml.). Dihydrogedunol was extracted with 
chloroform and crystallised from light petroleum—benzene as needles, m. p. 209—211° (Found: 
C, 69-0, 69-3; H, 7-8, 7-9. C,gH;,0, requires C, 69-1; H, 7-9%), v 3580 cm.7? (OH), [aJ,,*° 
—15° + 3° (in CHCI,). Reduction of dihydrogedunin in the same way gave the same alcohol. 

Dihydrogedunin.—To the above alcohol (128 mg.) in acetone (10 ml.) at 0° chromium trioxide 
in sulphuric acid was added in slight excess. After 5 min. dilute sodium carbonate (50 ml.) 
and ethanol (1 ml.) were added, and the product was isolated with chloroform. Crystallisation 
from light petroleum—benzene gave dihydrogedunin (60 mg.), identical in infrared spectrum 
and m. p. with an authentic specimen. 

Deacetylgedunin (II; R = H).—Gedunin (10 g.) was refluxed in methanol (750 ml.) and 
aqueous 2N-sodium hydroxide (175 ml.) for 10 min. The cold solution was acidified with 
sulphuric acid and extracted with chloroform. Chromatography of the product on alumina 
and crystallisation from light petroleum—benzene gave deacetylgedunin (4-34 g.) as prisms, 
m. p. 250—272° (decomp.) (Found: C, 70-7; H, 7-3. C,.,H 3,0, requires C, 70-9; H, 7:3%), 
(a],2° + 75° (in CHCl,), v 3450 cm. (OH). 

Gedunin (II; R = Ac).—Deacetylgedunin (185 mg.) and toluene-p-sulphonic acid (260 mg.) 
were dissolved in acetic acid (10 ml.) and acetic anhydride (2 ml.) and stored overnight. Water 
(50 ml.) was then.added, and the product filtered off and recrystallised. It was identical with 
gedunin in m. p. and infrared spectrum. 

Ozonolysis of Dihydrogedunin.—Dihydrogedunin (2-0 g.) in acetic acid (50 ml.) was ozonised 
at 20°. The solution was then steam-distilled, yielding no volatile carbonyl compounds, and 
the residual solution was stored overnight. The precipitate was collected and crystallisation 
from acetic acid, gave the acid (1-0 g.) (VIII) as needles, m. p. 224—226° [Found: C, 64-55; 
H, 7-25%; sap. val., 139, 140. C,,;H,,O, requires C, 64-9; H, 7-4%; sap. val. (3 acid functions), 
154}, [a),,2° —18° (in CHCl ), Amax, 280 my (log ¢ 2-07). With ethereal diazomethane it gave the 
methyl ester, plates (from light petroleum), m. p. 188—190° (Found: C, 65-75; H, 7-3%; sap. 
val., 146, 147. C,gH,0, requires C, 65-5; H, 7-6%; sap. val., 159), {a],,”° —23° (in CHCl), vax. 
1750, 1740, and 1707 cm.7}. 

Degradation of the Ozonolysis Product.—The above methy] ester (3-0 g.) in dioxan (20 ml.) 
and methanol (10 ml.) was treated with sodium borohydride (1 g.) in dioxan, and the solution 
refluxed 1 hr. The solution was kept for 3 hr. at 50°, then acidified with dilute sulphuric acid. 
Chloroform removed an amorphous solid, which was chromatographed on alumina. Ether— 
chloroform eluted a fraction (980 mg.) which partly crystallised. This showed v 3400 cm.? 
(OH), and no band at 1707 cm.1. This fraction (2 g.) in light petroleum (150 ml.) was treated 
with phosphorus pentachloride (2 g.). After 30 min. water was added, giving a precipitate. 
This was taken up in methanol and added to the petroleum layer, which was combined with an 
ether extract of the aqueous layer. The residue obtained on evaporation of the solvents was 
dissolved in acetic acid (100 ml.) and ozonised at 25° for 30 min. Water (100 ml.) and ferrous 
sulphate (1-0 g.) were added, and the solution was distilled into dinitrophenylhydrazine reagent. 





3708 Arcus and Halliwell: 


Extraction of the distillate with benzene and chromatography on alumina gave acetone dinitro- 
phenylhydrazone, m. p. and mixed m. p. 125—126° (correct infrared spectrum). Extraction 
of the distillation residue with chloroform gave an amorphous solid, which showed no absorption 
at 1707 cm.1, but had an absorption band at 1736 cm." (in CHCI,). 


The authors are grateful to Mr. G. Adesida for technical assistance. 
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721. Poly-(m-aminostyrene) and the Copolymer with Styrene. Kinetics 
of the Decomposition of Poly-(m-styrenediazonium Chloride) and 
Related Diazonium Chlorides. 


By C. L. Arcus and A. HALLIWELL. 


Poly-(m-aminostyrene) and a 2:1 styrene-m-aminostyrene copolymer 
have been prepared. The polymeric and copolymeric amines have been 
diazotised, and the rates of decomposition of the resultant diazonium chlorides, 
and of benzene- and cumene-m-diazonium chloride, in aqueous methanol at 
29-8° have been determined. All are of the first order and have constants 
respectively 3-47, 3-10, 1-14, and 7-15 x 10 sec..1. From comparison of 
these rates it is inferred that, in the decomposition of the polymeric and 
copolymeric diazonium cations, the polyvinyl main chain releases electrons 
towards the benzenediazonium side-groups. 


In order to add to data on the reactivity of groups attached to macromolecules, we have 
prepared, and studied the decomposition of, polymeric diazonium salts derived from 
m-aminostyrene. 

The decomposition of benzene- and alkylbenzene-diazonium chlorides closely follows 
first-order kinetics; 13 even in such concentrated aqueous solution that the molar ratio 
of water to benzenediazonium chloride is 2-36 : 1 the decomposition is of first rather than 
of second order. From a consideration of evidence in the literature, Waters * proposed a 
unimolecular rate-determining decomposition (1) of the arenediazonium cation, followed 
by rapid attack on the solvent, water (2); and DeTar and Sagmanli,® who cite further 
results, point out that other nucleophilic agents, such as methanol and chloride ion, may 
also react (3, 4). 





Ar—N, —> Art 4 eae ee ee a 
\A 
H,O . 
po =ArOH + Ht dee Dee, Sow RA oe See 
MeOH 
Art —+-———— ArOMe + H+ ce < «+, * ey 
ci- 
Ae) + ~ » we wl Gea 8 ae 


The rate of decomposition of aqueous benzenediazonium chloride is insensitive to 
changes in acidity. The results of Moelwyn-Hughes and Johnson ! show that when water 
is replaced by 0-41N-hydrochloric acid as the initial solvent, the rate constant at 60-1° 
increases by 7%, and those of Crossley, Kienle, and Benbrook ? that a similar alteration 
from 0-02 to 0-1N-hydrochloric acid results in a 3% increase at 35-0°. 


1 Moelwyn-Hughes and Johnson, Trans. Faraday Soc., 1940, 36, 948. 

2 Crossley, Kienle, and Benbrook, J. Amer. Chem. Soc., 1940, 62, 1400. 
3 Lewis and Miller, J. Amer. Chem. Soc., 1953, 75, 429. 

* Waters, J., 1942, 266. 

5 DeTar and Sagmanli, J. Amer. Chem. Soc., 1950, 72, 965. 
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From the above it was inferred, as a premise of the work now reported, that decom- 
position of a diazonium cation is essentially a unimolecular reaction not readily perturbed 
by alteration in the acidity of the medium; whence, were any unusual feature of rate 
or order to be encountered in the decomposition of a polymeric diazonium salt, it could 
probably be ascribed to a peculiarity of the reactivity of macromolecules. 

Recorded data, discussed below, indicate that the effect of m-alkyl substituents on the 
rate of decomposition of benzenediazonium chloride is accounted for by the inductive 
electron-release of those groups, but that this is not so for p-alkyl substituents. For this 
reason polymers and copolymers of m-aminostyrene have been selected for investigation. 

It was considered that special characteristics, due to the attachment of the diazonium 
groups to a macromolecule, could be assessed by comparison of the kinetics of 
decomposition with those for benzenediazonium chloride, representing the individual 
side-group, and cumene-m-diazonium chloride, representing the side-group together with 
the chain carbon atom to which it is combined and the two adjacent atoms [compare 
bracketed structures (I) and (II)]. Further, in certain reactions of groups attached to 
macromolecules, the interaction of neighbouring side-groups is important; to evaluate 
this factor in the present reaction, 2: 1 copolymers of styrene and m-aminostyrene have 


| eet | 1 | CeHg*No* i 
| 
H—L.—CH,—CH-CH,—_]-H —CH-L._—CH,-CH—-CH,—_}-CH- 


(I) (II) 


been prepared; here the benzenediazonium groups in the diazotised copolymers are on 
average separated by two benzene rings, whereby possible interaction of the former groups 
is much reduced. 

EXPERIMENTAL 


M. p.s are corrected. Unless otherwise stated, hydrochloric acid refers to 11-73N-acid. 

Aniline hydrochloride, recrystallised from ethanol and dried at 5 mm. over phosphoric oxide, 
had m. p. 200-5—201° (Found: Cl, 27-35. Calc. for CsH,CIN: Cl, 27-35%). 

m-Cumidine Hydrochloride-—A mixture of nitric acid (d 1-42; 100 g.) and sulphuric acid 
(d 1-84; 200 g.) was cooled to —10° and added dropwise with stirring in 3 hr. to cumene (b. p. 
149-5—-152-5°; 101 g.), kept at 0—5° by an ice-salt bath and by addition of solid carbon dioxide. 
After being stirred for a further hour, the whole was poured on ice and extracted with ether. 
The extract was washed with water, dried (K,CO,;), and evaporated. On fractionation at 
15 mm. through a heated 30 cm. Vigreux column, fractions totalling 115 g. of 4-nitrocumene, 
n,*> +1-531, were obtained. It (290 g.) was hydrogenated (cf. Gilman et al.*) in 96% ethanol 
(100 ml.) with Raney nickel (B.D.H. stabilised; 4-5 g.); the maximum temperature and pressure 
were 129° and 75 atm., the autoclave being allowed to cool overnight. The contents were 
poured into water (3 1.) and extracted with ether; the extract was dried (K,CO,) and evaporated. 
The product yielded p-cumidine (185 g.), b. p. 102—104°/8 mm., m,** 1-5422. Acetylation, 
according to Haworth and Barker’s directions,’ gave N-acetyl-p-cumidine, m. p. 104—104-5°. 

This compound (28-3 g.) was added in 30 min. to a mixture of nitric acid (d,?* 1-487; 30g.), 
acetic acid (recrystallised; 85 g.), and acetic anhydride (65 g.) at 5—10°. It was so maintained 
for a further 2 hr. with occasional stirring, then poured into iced water. The product was 
filtered off, washed free from acid with water, and allowed to air-dry, then extracted with 
boiling light petroleum (b. p. 60—80°). The material from evaporation of the extract, recrystal- 
lised from 70% ethanol, yielded 4-isopropyl-2-nitroacetanilide (23-0 g.), m:* p. 79-5—80°. 

The nitration also yielded ~3% of a compound, insoluble in the light petroleum, having, 
after recrystallisation. from ethanol, m. p. 216-5—217°. Carpenter, Easter, and Wood ® suggest 
that it is 4-isopropyl-2,6-dinitroacetanilide and this has been verified by analysis (Found: N, 15-8. 
C,,H,3;N,0; requires N, 15-7%). The compound was refluxed for 80 min. with hydrochloric 
acid and ethanol; the whole was cooled and made alkaline; the product, recrystallised from 


* Gilman, Avakian, Benkeser, Broadbent, Clark, Karmas, Marshall, Massie, Shirley, and Woods, 
J. Org. Chem., 1954, 19, 1072. 

7 Haworth and Barker, J., 1939, 1302. 

8 Carpenter, Easter, and Wood, J. Org. Chem., 1951, 16, 589. 
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benzene containing a little methanol, yielded 4-isopropyl-2,6-dinitroaniline, m. p. 149-5—150°. 
The above authors, who obtained the amine by alkaline hydrolysis, record m. p. 149—149-5°. 

4-Isopropyl-2-nitroacetanilide was hydrolysed by the method of Carpenter ef al.; § the amine, 
which when recrystallised from aqueous ethanol had m. p. 35-5°, was at once reduced. Toa 
solution of 4-isopropyl-2-nitroaniline (from 67-1 g. of the acetyl derivative) in hydrochloric acid 
(140 ml.) and 96% ethanol (150 ml.) at 0° to —5°, sodium nitrite (21-0 g.) in water (50 ml.) was 
added in 30 min. The mixture was kept at 0—5° for 2} hr., during the last 30 min. of which 
50% hypophosphorous acid (170 ml.), cooled to 0°, was added (cf. Gilman ef al.*). The 
whole was kept at 5° for 90 hr., then steam-distilled. The distillate was extracted with ether, 
and the extract dried (K,CO,) and evaporated, yielding 3-nitrocumene (33-5 g.), b. p. 70-5—- 
71°/0-5 mm., ,,* 1-5292. 

This compound (34-0 g.), hydrated stannous chloride (215 g.), hydrochloric acid (143 ml.), 
and 96% ethanol (70 ml.) were heated for 15 min., then cooled, made alkaline with aqueous 
sodium hydroxide, and steam-distilled. ‘The distillate was extracted with benzene, and the 
extract dried (K,CO,) and evaporated; it yielded m-cumidine (23-6 g.), 
b. p. 57-5°/0-4 mm., ”,** 1-5440, which was dissolved in hydrochloric 
acid (25 ml.) and chilled in ice. The solid product was drained, 
recrystallised from benzene (800 ml.), and kept at reduced pressure 
over calcium chloride, sodium hydroxide, and paraffin wax. It (21-4 
g.) yielded on a further recrystallisation m-cumidine hydrochloride, 
m. p. 158-5—159° (Found: Cl, 20-65. C,H,,CIN requires Cl, 20-65%). 

m-A minostyrene, and its Polymer and Copolymer with Styrene.—The 
monomer was prepared by the method described earlier,® except 
that the preparation of m-nitrostyrene by heating small quantities 
of a-methyl-3-nitrobenzyl alcohol with phosphoric acid was replaced 
by the following more convenient flow-process. The apparatus is 
shown in Fig. 1; the mixing and the reaction vessel were lagged 
with asbestos wool, and the winding of each was connected to a 
Variac. The connection between the vessels was constricted by 
incorporation of 50 cm. of 2-5 mm.-bore glass tubing. The alcohol 
(25 g.). and orthophosphoric acid (d 1-74; 200 ml.) were heated 
Ol2 with stirring at 58—60° in the mixing vessel, a homogeneous 

cm. solution being obtained. This was then allowed to run through the 

reaction vessel at a rate controlled by the screw-clip. In this 

way, the m-nitrostyrene was removed from the heated zone soon 

Fic. 1. Apparatus after its formation, a process assisted by the fact that it separates 

for flow reaction. as an oil which floats on phosphoric acid. The oil was removed 

and the lower layer recycled. Finally, the combined product was 

diluted with water (1 1.) and steam-distilled. The distillate was extracted with benzene, and 

the extract was washed with water and dried (K,CO,); t-butylcatechol (0-02 g.) was added. 

The alcohol (174 g.) was dehydrated in 25-g. portions as above; the flow-rate was 5 ml./min., 

and the reaction temperature 135°; the benzene extracts yielded m-nitrostyrene (54 g.), b. p. 
80-5—83°/1 mm., =, 1-5805. : 

In the isolation ® of m-aminostyrene, quinol was replaced by t-butylcatechol as stabiliser. 
The amine had b. p. 64—66°/0-5 mm., n,* 1-6062; Schotten—Baumann benzoylation and 
recrystallisation from benzene-ligroin yielded m-benzamidostyrene, m. p. 93—93-5° (Komppa 7° 
records m. p. 90—91°). ‘ 

Styrene (quinol-inhibited) was thrice washed with 2N-sodium hydroxide and with water, 
dried (Na,SO,), and distilled in oxygen-free nitrogen; it had b. p. 64-5°/49 mm., 7,** 1-5441. 

ax’-Azoisobutyronitrile [recrystallised from ether; m. p. 102-5—103-5°; (i) 0-031, (ii) 
0-056 g.] was dissolved in m-aminostyrene [(i) 14-99, (ii) 14-01 g.] which was then sealed under 
nitrogen in a Pyrex tube and kept at 78—80° for (i) 4, (ii) 5 hr. The tube was chilled in solid 
carbon dioxide which facilitated the subsequent breaking-away of the glass from the polymer, 
a clear, pale yellow rubbery solid. It was dissolved, with stirring on a steam-bath, in dimethy]- 
formamide (75 ml.). The resultant clear viscous solution was added dropwise with high-speed 
stirring to water (600 ml.); the precipitate was collected on a Buchner funnel (without paper), 
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1° Komppa, Ber., 1893, 26, 677. 
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washed with water (500 ml.) and methanol (200 ml.), and dried at reduced pressure over calcium 
chloride and paraffin wax. The polymer [(i) 6-51, (ii) 7-35 g.], also the copolymers below, were 
white and fibrous; they contained 1—2% of water, which was removed from specimens for 
analyses and viscosity determinations by heating to constant weight at 40°/1 mm. [Found: for 
polymer (i), N, 11-85; for polymer (ii), N, 11-65. Calc. for C,H,N: N, 11-75%]. 

The procedure above being followed, styrene, m-aminostyrene, and a«’-azoisobutyronitrile 
[(i) 21-66, 12-40, 0-067; (ii) 17-56, 10-05, 0-110 g. respectively] were allowed to react for (i) 28, 
(ii) 10 hr. The dimethylformamide solution (10 ml. per g.) was filtered from a small quantity 
of undissolved particles by passage through a pad of asbestos which was several times replaced. 
Precipitation yielded the copolymer [(i) 22-7, (ii) 16-2 g.] [Found, for copolymer (i): C, 88-1; H, 
7-65; N, 4-2. Calc. for C,H,: C,H,N = 2-00: 1; C, 88-05; H, 7-7; N, 4:3%]. 

The intrinsic viscosity, [y], = (1/c)1n(Hsoin./Nsoly.), Where c = g. of solute in 100 ml. of solution, 
was determined for the polymer and copolymer in solution in aniline at 24-8° and c 0-500. For 
polymer (i) and (ii) and copolymer (i) and (ii) there were found respectively [y], 0-52, 0-43, 
1-04, 0-45. 

Rate-determination Procedure.—The method of preparation of the diazonium chloride 
solutions was conditioned by the solubility properties of the styrenem-aminostyrene copolymer. 
This copolymer is insoluble in water and in methanol; on being heated with hydrochloric acid 
it yields the hydrochloride, which is insoluble in water but dissolves in methanol; the methanolic 
solution tolerates considerable dilution with water. 

Equal volumes of water and redistilled methanol were mixed, and solutions of aniline hydro- 
chloride and m-cumidine hydrochloride in this solvent were prepared such that each contained 
14-90 x 10 mole per 150 ml. 

Polymer (i) (0-015 mole) was dissolved by warming it with the exact equivalent of N-hydro- 
chloric acid and methanol (40 ml.) for 30 min. Further methanol (710 ml.) and water (735 ml.) 
were added and the solution was filtered. Its concentration was determined by precipitation, 
from aliquot parts by aqueous sodium hydroxide, of the polyamine, which was collected, washed 
free from alkali, and dried at 110° to constant weight; the solution contained 15-35 x 104 
mole/150 ml. A solution of polymer (ii), containing 15-16 x 10™ mole/150 ml., was similarly 
prepared. 

Copolymer (i) (0-030 mole) was treated with hydrochloric acid (100 ml.) and methanol 
(0-5 ml.; necessary tc wet the copolymer), then heated for 3 hr. on a steam-bath. The mixture 
was diluted with water (600 ml.) and the copolymer hydrochloride filtered off and washed with 
water. It was at once dissolved in methanol (1500 ml.); water (1500 ml.) was then added. 
The resulting solution, which was clear and stable, contained 14-90 x 10 mole/150 ml. A 
solution of copolymer (ii), containing 15-04 mole/150 ml., was similarly prepared. 

The aqueous-methanolic solution of the hydrochloride (150 ml.) was pipetted into the conical 
reaction flask, which contained a Polythene-covered magnetic stirrer. Hydrochloric acid 
(1-0 ml.) was added arid the stirred solution was cooled in ice to <5°. Sodium nitrite (in 3% 
excess of the equivalent of the amine present) in water (5-0 ml.) was added, followed by water 
(25-0 ml.); stirring at <5° was continued for a further 2 hr., then stopped, and nitrogen passed 
through the solution for 30 min. The B14 joint comprising the neck of the flask was then 
connected to a two-way tap set to give access to the atmosphere; the reaction solution filled 
the flask up to the joint. The tap was then turned to connect the flask, through tubing of 
2 mm. internal diameter, to the top of the nitrometer, which was filled with water saturated 
with nitrogen. Tubing and nitrometer were surrounded by water-jackets through which 
water from the thermostat bath was pumped. The flask was transferred from the ice-bath to 
the thermostat bath at 29-8° and the stirrer started. It had been found in control runs that 
the contents of the flask reach the temperature of the thermostat in 15 mit., whence zero time 
and volume for measurement were taken at 20 min. after immersion of the flask in the thermo- 
stat bath. The final volume of nitrogen was noted when the reading had not changed for 2 hr. 

Quadruplicate runs were carried out under the above conditions for each of the diazonium 
chlorides. In addition, duplicate runs were made with the diazonium chloride of copolymer (ii) 
at a higher acidity; the procedure was as above except that the addition of water was reduced 
from 25-0 to 16-0 ml., and 9-0 ml. of hydrochloric acid were added after the passage of nitrogen. 

Products of Decomposition.—Polymeric. The precipitates from the rate-determination runs 
were collected, washed with water until the washings contained no chloride ion, and dried at 
110°/1 atm. and then at 40°/1 mm. [Found: for the product from polymer (i): C, 78-75; H, 
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6-5; Cl, 3-15; N, 2-5; O, 8-75. For that from copolymer (i): C, 86-95; H, 7-3; Cl, 1-1; N, 
0-9; O, 4:45%]. 

Benzenediazonium chloride. (a) Aniline hydrochloride (12-96 g.) was dissolved in methanol 
(75 ml.), water (6 ml.), and 2-00N-hydrochloric acid (100 ml.). The solution was cooled to 
0—5° and to it was added sodium nitrite (7-11 g.) during 35 min. After a further 2 hr. at this 
temperature, the solution was kept at 30° for 48 hr. An oil had then separated. The whole 
was steam-distilled; the first part of the distillate, containing methanol, was further diluted 
with water; the distillates were extracted with ether, and the combined extracts subjected toa 
conventional separation of acidic and non-acidic products. There were obtained phenol 
(4-27 g.) (which yielded phenyl benzoate, m. p. 69°) and a mixture of anisole and chlorobenzene. 
The mixture was identified and its composition determined by comparison of the two peaks 
shown on its gas-liquid chromatogram with those for three mixtures of known quantities of 
authentic anisole and chlorobenzene. A 120 cm. column of 20% squalane on 100—120 mesh 
Celite-545 was used at 77°. There were found: anisole, 1-48 g.; chlorobenzene, 0-42 g. 

(b) The procedure was as above except that the initial solvent was composed of 11-7N-hydro- 
chloric acid (67 ml.), methanol (75 ml.), and water (39 ml.). There were obtained: phenol, 
3:52 g.; anisole, 1-34 g.; chlorobenzene, 2-20 g. 


RESULTS AND DISCUSSION 


m-Cumidine was synthesised by the known route from cumene with certain modific- 
ations (see above). Polymerisation of m-aminostyrene is recorded by Dahlig ™ who heated 
the monomer with benzoyl peroxide, alone and in dioxan, and obtained a brown syrup. 
It is inferred that the initiator is spent in oxidising amino-groups. Initiation with «a’-azo- 
isobutyronitrile at 79° was satisfactory; two specimens of poly-(m-aminostyrene) and two 
of 2: 1 styrene-m-aminostyrene copolymer were prepared, one of each pair being formed 
with 0-2% and one with 0-4% of initiator. The polymers and copolymers, on dissolution 
in dimethylformamide and precipitation with water, were obtained as fibrous white solids. 

A ruling consideration in the present work has been to establish conditions under which 
all the diazonium chlorides can be obtained completely in solution. The copolymer is the 
least tractable of the four amines. The procedure described in the Experimental part 
yields the diazonium chloride of the copolymer in 0-0083N-solution in aqueous methanol 
having the volumes of the components in ratio 59:41. The composition of this solution 
has defined the conditions under which the rates of diazonium decomposition have been 
measured, each of the other diazonium chlorides being prepared in similar solution. 

Order of Decompositions.—Representative examples of runs for benzene- and cumene- 
m-diazonium chloride, and the diazonium chlorides of poly-(m-aminostyrene) and styrene— 
m-aminostyrene copolymer are shown in Fig. 2. First-order constants (Rk) are given in 
the Table. 

The logarithmic plots for the decomposition of benzenediazonium chloride show 
substantial linearity. Pray }* has determined first-order constants for this reaction in a 
wide range of methanol-water mixtures at 30°; interpolation in his results yields k = 
1:17 x 10 sec. for the solvent composition used in the present experiments. 

To 70% of the measured decomposition, the plots for cumene-m-diazonium chloride are 
substantially linear. 

For the polymer, as reaction proceeds, the logarithmic plots become concave towards 
the abcissa; however, up to 70% reaction the departure from linearity is not great. After 
about 80 min. from zero time precipitation of the polymer began in each run; this caused 
no sharp change in the plots, occurred after 75°, decomposition, and therefore lay beyond 
the region for which the constants have been deduced. 

For the copolymers, precipitation commenced after about 8 min. For most of the 
run, therefore, the polymer was present partly as a swollen solid. Nevertheless, the 


11 Dahlig, Prace Placébwek Navk-Badawcz Ministerstwa Przemyslo Chem., 1952, 1, 29. 
12 Pray, J. Phys. Chem., 1926, 30, 1477. 
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departure from linearity is small. The onset of precipitation is parallelled by a displace- 
ment in the logarithmic plot of the run (Fig. 2); the pre-precipitation sections are 
substantially linear, yielding first-order constants which, however, are not as accurate as 
the main constants owing to the short time- and volume-ranges; the values for 
copolymer (i) average 3-0 and for copolymer (ii) 3-4 x 10 sec.7. 

With the diazonium chloride derived from copolymer (ii), two runs were carried out at 
a higher acidity (excess of hydrochloric acid 0-64N instead of 0-056N). Precipitation 
began as soon as the further quantity of acid was added, i.e., 20 min. before zero time; 
however, the runs gave logarithmic plots of good linearity and the rate constants show an 


First-order decomposition at 29-8° (kk; 10-4 sec.~}) 


Diazonium chloride derived from Individual runs Average 
RD pakstatrnaasscendisacevsavsasinanbbintendslehisiiens 1-15 1-12 1-14 1-16 1-12 1-14 
SI hnsincecmesnninctinacnsnctobaetnuntnieasinen’ 6-96 7:30 7-07 7-25 7:15 
Poly-(m-aminostyrene) (i) ..............csccsccsseees 3°39 3-49 3°45 3-64 3-49 

re t __, Ree Seen oerrece ees 363 3:36 3:47 3-34 3-45 

2: 1 Styrene-m-aminostyrene copolymer (i) ... 3°09 3-19 3-02 3°02 3-08 
(ii) ... 3:17 3:03 3-27 2-99 3-12 

(ii) * 3:34 3-45 3°40 


* At higher acidity. 
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Fic. 2. Rates of decomposition of diazonium O-6F 
chlorides derived from: A, aniline; B, m- 
cumidine; C, D, poly-(m-aminostyrene) (i) ~ 
and (ii); E, F, 2: 1 styrene—m-aminostyrene ry 
copolymer (i) and (ii). The time-origin has 2 oO4 
been displaced by 10 min. for each successive > 
compound. Ordinate values of 0-52 and 0-70 ° 
correspond to 70% and 80% of the total > 
observed reaction. - 
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increase of 10%; this is considered small in relation to the change in acidity and 
precipitation. 

Products.—The precipitates from the decomposition of the polymeric and copolymeric 
diazonium salts, after being washed and dried, were dark red solids which when finely 
ground formed orange powders. No solvent was found for these materials; they were 
not analysed for functional groups, as no reliance could be placed on the results for insoluble 
and possibly cross-linked solids; elemental analyses show the greater part of the nitrogen 
to have been replaced by oxy-groups, some nitrogen remaining, and some chlorine being 
present, but the number of types of structural unit which may have been formed is too 
great to permit deduction of the total structure. 

However, the course of the reaction for benzenediazonium chloride in the aqueous 
methanol used in the kinetic runs has been ascertained. It was necessary to increase the 
concentration of diazonium salt sixty-fold in order to obtain quantities of product con- 
venient for isolation and separation, so the exact conditions of the kinetic runs could not be 
employed. Accordingly, two sets of acidic conditions were used: (a) with the same con- 


centration of excess of hydrochloric acid, and hence less than the molar ratio of acid to 
6F 
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diazonium chloride of the kinetic runs; (b) with the molar ratio of excess of hydrochloric 
acid to diazonium chloride of these runs, and hence a higher concentration of acid than 
obtained therein. There were isolated: 


Conditions PhOH * PhOMe * PhOMe/PhOH PhCl * 
(a) 45 14 0-31 4 
(b) 37 12 0-32 20 


* Yield as moles per 100 moles of PhN,Cl. The presence of methanol at extraction and evapor- 
ation stages militates against complete isolation of phenol. 


Phenol is the main product, and anisole bears an approximately constant ratio thereto; 
the yield of chlorobenzene is increased by the higher hydrochloric acid concentration of 
conditions (b). Thus, as a result of diazonium decomposition, the entry of hydroxyl, 
methoxyl, and chlorine into the polymer and copolymer is to be expected; from the colour 
and nitrogen content of the products, the presence of azo-linkages is probable, and, by 
analogy with the production of 4-hydroxybipheny] in the reaction of benzenediazonium 
chloride with phenol,!* the formation of hydroxybiphenyl units within or between macro- 
molecules is possible. 

Relationship of Rate-constants and Structure.—The insertion of electron-attracting 
substituents in the benzenediazonium cation reduces the rate of decomposition, in 
accordance with equation (1).4* With respect to electron-releasing substituents, the 

position is complex, it being notable that f-alkyl substituents reduce 


H* , .. therate of decomposition: this stabilisation of the diazonium ion has 
Hac N=N: been ascribed to hyperconjugation, form (III) contributing to the 


(Ill) constitution of the toluene-f-diazonium cation and strengthening 

the C-N bond.43 The question whether a combination of con- 
jugative and inductive effects is adequate to account generally for the observed rates of 
decomposition of alkylbenzenediazonium cations has been critically discussed by Lewis and 
Miller. However, for m-alkylbenzenediazonium cations, the following data are recorded: 


m-Alkyl substituent None Me Et But 
k (10-* sec.“1) at 29:9—30-0°_.................. 0-992 3-92 6-93 14-1 
PUNE SUING. wccestnsesbesdesateusestivsensesress Water ! 0-1n-Hydrochloric acid 


For meta-substitution, in which hyperconjugation is presumably ineffective, it is 
tenable that the relative rates are accounted for by the progressive increase in inductive 
electron-release on passage from hydrogen to the methyl, ethyl, and t-butyl groups, and 
this has been assumed. 

With respect to the present results for reaction in aqueous methanol, it is seen (Table) 
that the substitution of a m-isopropyl group in benzenediazonium chloride increases the 
rate of decomposition six-fold. The rate constants for the diazonium chlorides of poly- 
(m-aminostyrene) and the 2:1 styrene-m-aminostyrene copolymer are intermediate 
between those for benzene- and cumene-m-diazonium chloride. The primary macro- 
molecular structure which forms the environment of the phenyldiazonium group is shown 
in (II): for the polymer, X and Y are initially other m-benzenediazonium groups and 
subsequently the derived groups the nature of which is discussed above; for the copolymer 
X and Y may be as just described, but generally must be phenyl groups. In every instance 
(though to different extents) inductive electron-withdrawal from the structure in the 
square brackets is probable, whence it is concluded that the electron-release from the main 
chain to the benzenediazonium group is some fraction of that from an isopropyl group, in 
accord with the relation between the rate constants described above. 

The polymeric diazonium cation differs from the copolymeric cation in the following 
respects: (a) the benzenediazonium groups are adjacent to a much greater extent in the 


3 Hirsch, Ber., 1890, 28, 3705. 
1% Bunnett and Zahler, Chem. Rev., 1951, 49, 294. 
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polymer than in the copolymer; (6) the charge on a given chain length of the polymer 
is thrice that on the same length of copolymer; (c) this might be expected to lead by 
repulsion to a more extended conformation of the polymer than the copolymer; (d) during 
reaction, precipitation of the polymer occurs later than that of the copolymer. The 
decomposition rate for the polymer is 11% greater than that for the copolymer. It is not 
possible to relate factors a, 6, c, and d with certainty to this relatively small difference, 
except to infer from it and the results as a whole that these factors exert only a minor 
influence on the course of diazonium decomposition. 

It is concluded, with respect to the population of m-benzenediazonium groups attached 
to polyvinyl main chains, that: (i) decomposition is unimolecular; (ii) electron-release 
from the chain to the side-groups influences the rate in a manner accountable by reference 
to appropriate small molecules; (iii) specifically macromolecular reactivity-factors have 
little influence on this reaction. 


We thank Dr. T. J. Howard for the gas-liquid chromatography, and the Chemical Society 
and Imperial Chemical Industries Limited for aid from grants. 
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722. Aromatic Reactivity. Part XVII. Cleavage of Aryltricyclo- 
hexylplumbanes by Aqueous-ethanolic Perchloric Acid. 


By C. Easorn and K. C. PANDE. 


We have measured spectrophotometrically the rates of cleavage of some 
tricyclohexylphenylplumbanes, X-C,H,*Pb(C,H,,); (where X = H, p-Me, 
p-OMe, p-Cl, and m-Cl), in aqueous-ethanolic perchloric acid. 

The influences of substituents are consistent with the reaction’s being 
regarded as an electrophilic aromatic substitution in which only a small 
demand is made on electromeric effects. 


WE have measured spectrophotometrically the rates of cleavage at 25-0° of some tri- 
cyclohexylphenylplumbanes in a mixture of ethanol (10 vol.) and aqueous perchloric acid 
(1 vol.). (We chose tricyclohexyl-lead derivatives for study because they are solids, and 
thus could be purified by recrystallization: organolead compounds tend to decompose 
on distillation.) The overall course of the reaction, which is an electrophilic aromatic 
substitution (aromatic protodetricyclohexylplumbylation), may be represented as: 


H} 
X*CgHyPb(CyH,1)3 + MOH — tm X°CyH, 4+- (CgH,,)3Pb°OM 
(CgHy1)3Pb°OM -+}+- HCIOg = (CyH,,)3PbCIO, + MOH 
(M = H or Et) 


TABLE 1. Cleavage of X°CgH,y*Pb(C,H,,), by aqueous-ethanolic perchloric acid at 25-0°. 


[HC1O,) ¢ 108k (HCIO,) ¢ 108% 

X (mM) (min.~1) Are x (m) (min.~!) Rret 
a ee 0-0022 53 21 ee Dcebidenstaseeten 0-053 63-6 l 
i cnsxtiewneics 0-01 39-5 - ET ki eceimemaes 0-053 20-3 0-32 

0-022 88-1 3-4 0-097 36-8 _-- 
ES eer ee 0-01 11-8 1 RE, xissteccncnnmes 0-097 14-4 0-125 
0-022 25-6 1 


* Concn. of aqueous acid, 1 vol. of which was added to 10 vol. of an ethanolic solution of the 
organoplumbane. 


1 Part XVI, Eaborn and Taylor, /., 1961, 2388. 
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The results are shown in Table 1 as first-order rate constants, k, at the particular 
(added-)acid concentrations involved, along with values, k,.), of rates relative to those 
of tricyclohexylphenylplumbane. The main features are as follows: 

(i) At the low concentrations of acid used, the rate is proportional to the concentration 
of acid. (Use is made of this in deriving the value of k,., for the p-methoxy-compound.) 
No doubt, at higher concentrations of acid, rates would rise more steeply than the acid 
concentration, as in analogous cleavages of aryl-Si, aryl-Ge, and aryl—-Sn bonds.?* 

(ii) The spread of rates is smaller than in protodestannylation of aryltricyclohexyl- 
stannanes (in which k,. for the p-methoxy-group, fp™®, is 64 and for the m-chloro-group, 
Cl is 0-039) 4 and much smaller than in protodegermylation of aryltriethylgermanes 
(foMe = 540; fo! = 0-0165)* and protodesilylation of aryltrimethylsilanes (fO™° = 
1500; f°! = 0-008).2. This effect is associated with the greater reactivity of the lead 
compounds, which means that less reorganization of structure takes place between the 
initial state and the transition state, with less disturbance of the electrons of the aromatic 
ring. 

(iii) A plot of log kK? against log kx (the superscript denotes which protodemetal- 


Ge 


lation is involved) is a good straight line. It follows that plots of log kk} against log kEi 








p-OMe 
+t} 
” p-Me 
< ~ . . 
oO H Effect of aryl-substitution on the rate of cleavage 
= of tricyclohexylphenylplumbanes. 
p-Cl 
© Leo 
i L i 1 —_* 
+O°4 +O°2 oO -O-2 -O°4 


[o+0-4(o*-o)] 


are not linear, since a linear free-energy relation exists between substituent effects in the 
desilylation and degermylation,* but not between those in these reactions and in proto- 
destannylation.* 

(iv) As in protodestannylation,* values of log ky in the deplumbylation are not 
linearly related to either o or o* constants,® but (see Figure) the relation ® log Rye = 
e[o + r(o* — o)], where r = 0-4, applies (pe = 2-5) as in protodestannylation (p = 3-8).4 
(Actually for the deplumbylation a value of r = 0-5 gives a slightly better fit, but this is 
true also of the destannylation if attention is confined to the same substituents.) The 
small value of r indicates that the +E effects of substituents operate less effectively than 
in most other electrophilic aromatic substitutions,® 

“‘ Electronegativity,” and Ease of Cleavage of Aryl—Metal Bonds.—The relative ease of 
acid cleavage of organic groups from metals, particularly from mercury,’ but also from 
lead,’ has often been used as an indication of the relative electronegativities of the groups, 


® Eaborn, J., 1953, 3148; 1956, 4858. 

* Eaborn and Pande, /J., 1961, 297. 

* Eaborn and Waters, J., 1961, 542. 

5 Brown and Okamoto, J. Amer. Chem. Soc., 1958, 80, 4979. 

® Yukawa and Tsuno, Bull. Chem. Soc. Japan, 1959, 32, 971. 

7 Kharasch and Flexner, J. Amer. Chem. Soc., 1932, 54, 674; Kharasch, Pines, and Levine, /. 
Org. Chem., 1938, 8, 347; Kharasch, Reinmuth, and Mayo, J. Chem. Educ., 1934, 11, 82. 

8 Gilman, Towne, and Jones, J. Amer. Chem. Soc., 1933, 55, 4689; Gilman and Towne, Rec. Trav. 
chim., 1932, 51, 1054; Leeper, Summers, and Gilman, Chem. Rev., 1954, 54, 101. 
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it being argued, in effect, that the group which most easily leaves with the electrons of the 
C—Metal bond (and combines with a proton of the acid) must be the more electronegative.” ® 
We have shown clearly in this series of papers that the ease of cleavage of aryl groups from 
silicon, tin, germanium, and lead by acid or halogen can be quantitatively explained in 
terms of the ease of electrophilic attack at the carbon of the aryl-metal bond, and that 
effects of substituents in the aryl group can be satisfactorily related to substituent effects 
in common electrophilic aromatic substitutions.24104 

It is likely that the ease of cleavage of covalent bonds between organic groups, including 
alkyl groups, and metals, including mercury (cf. ref. 12), is in general mainly determined 
by the ease of electrophilic attack at the carbon atom of the bond, and it should be 
abandoned as a measure of electronegativity of the groups (cf. refs. 13, 14). 


EXPERIMENTAL 


Aryltricyclohexylplumbanes.—These were prepared more easily than corresponding ger- 
manes * 11,15 and, particularly, silanes,14 no doubt because of the smaller steric effect of the 
cyclohexyl groups when attached to the larger metal atom. 

Except where noted below, a solution of bromotricyclohexylplumbane (0-015 mole) in ben- 
zene (150 ml.) was added to a solution of aryl-lithium prepared from the appropriate aryl bromide 
(0-05 mole) and lithium (0-11 g.-atom) in ether (60 ml.), and the mixture was boiled under 
reflux for 1 hr. An excess of water was added, with the usual precautions, and the organic 
layer was separated, washed, and dried (Na,SO,). The solvent was removed and the residue 
was recrystallized from ethanol, to give the aryltricyclohexylplumbanes in fine white crystals. 

In the case of the p-chloro-compound the aryl-lithium was prepared from -bromochloro- 
benzene (0-05 mole) and n-butyl-lithium (0-05 mole) in ether (50 ml.). In the case of the p- 
dimethylamino-compound the reflux period was replaced by 1 hr. at room temperature. 

In the case of the m-chloro-compound, the m-chlorophenyl-lithium was prepared from 
m-chlorobromobenzene (0-042 mole) and n-butyl-lithium (0-04 mole) at —30°, bromotricyclo- 
hexylplumbane (0-032 mole) was then added, and the mixture was stirred at —30° for 30 min. 
and then at room temperature for 30 min. The usual working-up left a viscous, brown liquid, 
which was heated at 100°/5 mm. for 30 min. to remove volatile materials, and then taken up 
in ethanol (50 ml.). The solution was cooled to —20°; it deposited a white solid, which re- 
crystallized from ethanol as needles. 

The methiodide of tricyclohexyl-p-dimethylaminophenylplumbane was obtained by heating 
the base with a little methyl iodide at 40° for 15 min., and recrystallized from ether—ethanol. 
This compound was soluble in water and in ethanol, but not in ether. .The other aryltricyclo- 
hexylplumbanes were soluble in ether and benzene and sparirigly soluble in ethanol. All the 
compounds were decomposed by light. 

The properties and yields of the compounds are shown in Table 2. The ‘‘ decomposition 
range ’’ denotes the temperature range, which was reproducible, at which the molten liquid 
decomposed to give a black solid (probably lead). 

Cleavage Products (cf. ref. 11).—No attempt was made to isolate a tricyclohexyl-lead per- 
chlorate, but hydrochloric acid was used to show that under acidities greater than those used 
in the rate studies no cleavage of cyclohexyl-lead bonds occurs. For this, phenyltricyclo- 
hexylplumbane (3 g.) was dissolved in boiling ethanol (200 ml.), the solution was cooled to 
40°, and 6n-hydrochloric acid (5 ml.) was added. The mixture was set aside for 30 min., then 
poured into water. The pale yellow solid (2-7 g., 95%) which separated decomposed sharply 


® Adkins, ‘‘ Organic Chemistry, An Advanced Treatise ’’ (ed. Gilman), Wiley and Sons Ltd., 2nd 
edn., New York, 1949, pp. 1071—1072; Gilman, op. cit., pp. 518—520; Rochow, Hurd, and Lewis, 
“‘ The Chemistry of Organometallic Compounds,”’ Wiley and Sons, New York, 1957, p. 120. 

10 Deans and Eaborn, J., 1959, 2299, 2303; Deans, Eaborn, and Webster, J., 1959, 3031; Eaborn, 
Lasocki, and Webster, J., 1959, 3034; Eaborn and Webster, /., 1960, 179. 

11 Eaborn and Pande, J., 1960, 1566. 

13 Dessy and Jim-Young Kim, J. Amer. Chem. Soc., 1960, 82, 686. 

13 Dessy and Jim-Young Kim, J. Amer. Chem. Soc., 1961, 83, 1167. 

14 Gilman and Dunn, Chem. Rev., 1953, 52, 77. 

15 Eaborn and Pande, /., 1960, 3200. 
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at 235° (unchanged by recrystallization from benzene) (Found: Cl, 7-0. Calc. for 
C,,H,,ClPb: Cl, 7-2%); tricyclohexyl-lead chloride is reported to decompose at 236°.1* 

Similar results were obtained with tricyclohexyl-p-tolylplumbane. 

Rate Measurements.—The general method has been described.?“ 1% 11 

To 10 ml. of an ethanolic solution of the organolead compound (4—5 x 10™m, except in 
the case of the p-methoxy-compound) was added 1 ml. of aqueous perchloric acid of strength 
shown in Table 1. The mixture was shaken, and some of it was transferred to a 1 cm. stoppered 


TABLE 2. Properties of X°CgHyPb(C,H,,), compounds. 


Yield Decomp. Found (%) Required (%) 

xX (% M. p. Tange Cc H C H 
i cnpansincnenisninneate 95 146—147°*  185—193° 54-1 7-2 54-0 7-2 

ED 55 78 176—180 53-6 7-05 53-4 7-15 
DP Seivigememin 95 97—98 180—185 54-7 7-2 54:8 7-4 
EE. cuiundisssniscovecs 60 102—103 166—170 50-9 6-6 50-7 6-6 
ia iacvisansianaee 60 73—74 —- 50-9 6-8 50-7 6-6 
p-NMe, ............ 78 125 — 54:25 = 7-7 54-1 7-5 
NETS sascenss --- 185-—187¢ —- 45-1¢ 6-4 45-3 6-3 

* With decomp. * Found: N, 2-4. CygH,y,NPb requires N, 26%. ¢* Found: N, 1-9. C,,H,NIPb 


requires N, 1-8%. 


cell kept at 25-0° + 0-03° in a Unicam S.P.500 spectrophotometer, and the optical density 
relative to a “‘ blank ’”’ of ethanol was recorded at suitable time intervals, a wavelength of 300 
my normally being used. 

In the case of the p-methoxy-compound the concentration of acid was such that with a 
5 x 10‘m-solution of the organolead compound sufficient tricyclohexyl-lead perchlorate was 
formed to cause a significant removal of acid, and rate constants fell during a run. Use ofa 
5 x 10%m-solution of the lead compound and a wavelength of 230 mu gave satisfactory results. 

It is noteworthy that, whereas in cleavage of aryl-Si, aryl-Ge, and aryl—Sn bonds it was 
absorption by the aromatic ring which was utilized,*“4 in cleavage of the lead compounds the 
absorption due to the lead atom, which is far more intense than that of the aromatic ring in the 
near-ultraviolet region, is utilized. The optical-density changes were smaller than those 
employed in the other demetallations, but mean rate constants could be duplicated within 
2% from run to run, and the rate constants given in Table 1 are believed to be accurate 
within +2%. 


We thank the Royal Society for the loan of apparatus. This work was assisted by a grant 
from the Air Research and Development Command of the U.S. Air Force through its European 
Office, sponsored by the Aeronautical Research Laboratory of the Wright Air Development 
Center. We thank Dr. L. Spialter for his interest and encouragement. 


THE UNIVERSITY, LEICESTER. ‘ [Received, March 17th, 1961.} 


1® Krause, Ber., 1921, 54, 2060. 
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723. Polyfluoroarenes. Part IV. 2,3,4,5,6-Pentafluorotoluene 
and Related Compounds. 


By J. M. BrrcHALL and R. N. HASZELDINE. 


Hexafluorobenzene undergoes ready reaction with alkyl-lithium com- 
pounds at low temperatures, and n-butylpentafluorobenzene and 2,3,4,5,6- 
pentafiluorotoluene were thus prepared in good yield. Oxidation of the 
latter gives pentafluorobenzoic acid. Free-radical halogenation of penta- 
fluorotoluene affords pentafluorobenzyl and pentafluorobenzylidene halides. 
Further halogenation leads to addition to the aromatic ring rather than 
formation of the benzotrihalide. 2,3,4,5,6-Pentafluorobenzyl bromide gives 
a Grignard compound, and reacts with thiourea, acetate ion, and potassium 
phthalimide with elimination of bromide ion and without extensive loss of 
fluoride. The compounds C,F,°CH,°OH, C,F;°CH,°CO,H, C,F,;-CH,:NH,, 
and (C,F;-CH,), have been synthesised, and a new polymer of structure 
C,F,°CH,"O-[C,F,°CH,°O],"H has been prepared. 


THE reactions of polyfluoroarenes with nucleophilic reagents have recently received 
considerable attention,?* but only one attempt to displace nuclear fluorine by the action 
of a carbanion has been reported. The reaction of hexafluorobenzene with methyl- 
magnesium iodide has been shown, by mass-spectrographic analysis of the products, to 
give a very low yield (3%) of 2,3,4,5,6-pentafluorotoluene.? The reaction of hexafluoro- 
benzene with alkyl-lithium compounds has now been investigated, and gives good yields 
of alkylpentafluorobenzenes : 


CoFg + LiR —— C,Fg°R + LiF 
(I) 


Hexafluorobenzene reacts with a slight excess of methyl-lithium in tetrahydrofuran 
solution at —60° to give pentafluorotoluene (I; R = Me) in 70—75% yield. A similar 
reaction between hexafluorobenzene and n-butyl-lithium gives a 56% yield of the butyl 
derivative (I; R= Bu"), with some dibutyltetrafluorobenzene (20%) which was not 
further investigated. Reaction between methyl-lithium and hexafluorobenzene occurs 
less readily in diethyl ether, but a 69% yield of pentafluorotoluene was obtained from the 
reaction in this solvent at —15°. 

2,3,4,5,6-Pentafluorotoluene reacts only slowly with oxidising agents in aqueous 
solution; with concentrated nitric acid, alkaline potassium permanganate, or potassium 
dichromate in 50% sulphuric acid, attack on the ring occurs with liberation of fluoride ion. 
A small yield (3%) of pentafluorobenzoic acid was obtained by oxidation of pentafluoro- 
toluene with chromium trioxide in acetic acid. Pentafluorobenzoic acid has been prepared 
previously by hydrolysis of octafluorotoluene with fuming sulphuric acid,’ by oxidation 
of pentafluorophenylethylene with potassium permanganate in acetone solution,’ and by 
carbonation of pentafluorophenylmagnesium halides.® 

Side-chain Halogenation of Pentafluorotoluene.—2,3,4,5,6-Pentafluorotoluene undergoes 
free-radical halogenation to give pentafluorobenzyl and pentafluorobenzylidene halides. 
The peroxide-catalysed reaction of equimolar quantities of sulphuryl chloride and penta- 
fluorotoluene appears to proceed more slowly than the corresponding reaction with toluene 


Part III, Birchall, Haszeldine, and Parkinson, J., 1961, 2204. 
Pummer and Wall, Science, 1958, 127, 643. 

Birchall and Haszeldine, J., 1959, 13. 

Godsell, Stacey, and Tatlow, Nature, 1956, 178, 199. 

Brooke, Burdon, Stacey, and Tatlow, J., 1960, 1768. 
Robson, Stacey, Stephens, and Tatlow, J., 1960, 4754. 
McBee and Rapkin, J. Amer. Chem. Soc., 1951, 78, 1366. 
Nield, Stephens, and Tatlow, /J., 1959, 166. 
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itself.° 2,3,4,5,6-Pentafluorobenzyl chloride was produced in 34% yield, and 64% of the 
pentafluorotoluene was recovered unchanged. However, use of two molecular proportions 
of sulphuryl chloride gives 2,3,4,5,6-pentafluorobenzyl chloride (77%) and 2,3,4,5,6- 
pentafluorobenzylidene chloride (7%). These observations suggest that the hydrogen 
of the pentafluorotoluene is less susceptible to free-radical attack than that in toluene 
during the chain reaction: 
Cle + CyF,°CH, ——t HCI + C,F,°CH," 
C,F "CHa" + SO,Cl, ——t CyF,°CH,Cl + *SO,Cl —» SO, + CI 


The shielding effect of a perfluoroalkyl group towards adjacent C-H bonds during 
chlorination is known from studies with the compounds CF,°CH, and CF,°CH,°CH;.” 

The results of experiments in which 2,3,4,5,6-pentafluorotoluene and chlorine were 
irradiated by a powerful source of ultraviolet light are summarised in Table 1. All 
irradiations were continued until the chlorine was completely consumed. 


TABLE 1. Chlorination of pentafluorotoluene. 
Reactant 


ratio Reaction Products (mole %) Products of 
Cl,:C,FsCH, time (hr.) HCl* C,F,CH,t C,F,CH,Cl+ C,F,-CHCl,¢ higher b. p.t 
aes 3 91 21 63 9 3—4 
2:1 12 75 -—— 30 43 ca. 22 
3:1 20 67 -- - 43 ca. 45 


* Based on chlorine. Based on pentafluorotoluene. 


Infrared spectroscopic examination of the products of higher b. p. listed in Table 1 
revealed strong bands in the 1700 cm. region, attributed to formation of methyl penta- 
fluoro-cyclohexenes and -cyclohexadienes by addition of chlorine to the aromatic ring. 
The virtual absence of an aromatic ring is these products was shown by the very weak 
absorption in the region (1500 cm."') where pentafluorophenyl compounds absorb strongly. 
In particular, pentafluorobenzotrichloride was not isolated or detected and it is doubtful 
whether it was formed at all. 

The quantity of hydrogen chloride liberated (67%) in the experiment employing three 
molecular proportions of chlorine, and the absence of pentafluorobenzotrichloride from 
the products of chlorination of pentafluorotoluene, shows that little, if any, elimination of 
the final hydrogen atom from pentafluorobenzylidene chloride took place under the con- 
ditions employed. 


Substitution in side-chain: 
cl, Cl, 
CoFs*CH, ——— CF °CH,Cl ———™ C,F CHCl, 
Addition to nucleus: 


cl Cl, 
CF g*CHCl, ——— CF sCla* CHCl, ——— CF ClCH, et. 


1,2,3,4,5,6-Hexachlorohexafluorocyclohexane ‘and 1,2,3,4,5,6-hexachloropentafluoro- 
cyclohexane have been isolated from the photochemical chlorination of hexafluoro- 
benzene ‘ and pentafluorobenzene,® respectively, demonstrating that attack on the nucleus 
is feasible. 

2,3,4,5,6-Pentachlorobenzylidene chloride is also resistant to further substitution by 
chlorine, and this has been attributed to steric hindrance by the chlorine atoms ortho to 
the dichloromethyl group.! Examination of molecular models indicates that steric 


® Kharasch and Brown, J. Amer. Chem. Soc., 1939, 61, 2142. 
10 Henne and Whaley, J. Amer. Chem. Soc., 1942, 64, 1157. 
11 Ballester and Molinet, Chem. and Ind., 1954, 78, 1290. 
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considerations may also apply in the case of pentafluorobenzylidene chloride, but are less 
important than for the perchloro-compound. 2,4,6-Trifluoromesitylene undergoes 
complete chlorination at high temperatures, but only a small yield of 2,4,6-trifluorotris- 
(trichloromethyl) benzene is obtained, and there is appreciable replacement of methyl groups 
by chlorine.!? 

Free-radical bromination of 2,3,4,5,6-pentafluorotoluene also readily proceeds to the 
monosubstitution stage, and an 85% yield of 2,3,4,5,6-pentafluorobenzyl bromide is 
obtained without difficulty. 2,3,4,5,6-Pentafluorobenzyl chloride and_ bromide, 
particularly the latter, are markedly lachrymatory. 

Pentafluorobenzyl Alcohol.—In view of the relatively high reactivity of fluorine in the 
polyfluoroarene ring towards nucleophilic reagents, the preparation of compounds con- 
taining the pentafluorobenzyl group by nucleophilic displacement of only the benzyl 
halogen atom from pentafluorobenzyl halides necessitates a careful choice of reagents. 
The pentafluorobenzyl halides are readily characterised by conversion into the 
S-(2,3,4,5,6-pentafluorobenzyl)thiouronium picrate. 

Despite this ready replacement of bromine by thiourea in ethanolic solution, 2,3,4,5,6- 
pentafluorobenzyl bromide reacts only slowly with aqueous potassium hydroxide; fluoride 
and bromide ions are liberated, and the principal product is an alkali-insoluble solid. This 
material, on the basis of elemental analysis and infrared spectroscopy, is probably a polymer 
built up from pentafluorobenzyl alcohol by stepwise nucleophilic attack, as illustrated. 


FF FF 
‘( \- CH,Br 4 Agkow ‘€ \-cttyo- 
- Ff , F 
e PF ae 
i. , F iia 
F CH,°O F CH,-O F CH2-O etc 
r F ee e 


—(nt+1)F- 


F FF 


FF F 
FF FF FF 
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Elimination of bromide without loss of fluoride from pentafluorobenzyl bromide is 
achieved by reaction with potassium acetate in acetic acid solution, which gives an 83% 
yield of 2,3,4,5,6-pentafluorobenzyl acetate. The latter undergoes slow acid-catalysed 
hydrolysis to pentafluorobenzyl alcohol. The difficulty in separation, by distillation, of 
the benzyl alcohol from unchanged acetate would be overcome if reaction were carried 
out on a larger scale than employed during the present work. 

Pentafluorophenylacetic Acid.—Pentafluorobenzyl bromide reacts readily with mag- 
nesium in ether, and carbonation of the resulting solution gives a low yield (14%) of 
(pentafluorophenyl)acetic acid, characterised as its S-benzylthiouroniym salt. The main 
product is 1,2-bispentafluorophenylethane (59%); the tendency of substituted benzyl 
halides to form coupled products of this type during the preparation of Grignard compounds 
is well known.!8 

Pentafluorobenzylamine.—Some fluoride ion was liberated when 2,3,4,5,6-pentafluoro- 
benzyl bromide was heated with potassium phthalimide, but a 70% yield of N-(2,3,4,5,6- 
pentafluorobenzyl)phthalimide was obtained. Conversion of the substituted phthalimide 


12 Finger, Reed, Maynert, and Weiner, ]. Amer. Chem. Soc., 1951, 78, 149. 
18 Humphlett and Hauser, J. Amer. Chem. Soc., 1950, 72, 3289. 











3722 Birchall and Haszeldine: 





into 2,3,4,5,6-pentafluorobenzylamine (76% yield) was readily achieved by reaction with 
hydrazine hydrate, and the amine was characterised as its benzoyl derivative. 

2,3,4,5,6-Pentafluorobenzylamine is stable for long periods at —78°, but a white solid 
separates when the amine is kept at room temperature or when it is distilled under atmo- 
spheric pressure. The solid is soluble in water to give a solution containing fluoride ion 
and is probably formed by stepwise nucleophilic attack of the amine on the pentafluoro- 
phenyl ring in another molecule. 


C,F,"CH,"NH, 
2C4F 5*CHyNHy ——B CoFp°CHy*NH*CgFyeCH*NHy (+ HF) 
C,F,°CH,"NH, 
CoFs*CHy*NH°CyF *CHy*NH-C,F 4¢CHy"NH, (+ HF) etc, 





Displacement of fluorine from the polyfluoroarene ring by the attack of amines is now 
well established.® 

2,3,4,5,6-Pentafluorobenzylamine is sparingly soluble in water, and gives a solution 
which is alkaline to Methyl Red. Its ionisation constant (Table 2) shows it to be a much 
weaker base then benzylamine. The inductive electron-withdrawing power of the C,F; 
group is thus less than that of CF;, and of the same order as for CHF, or CO,Et. 


TABLE 2. Jonisation constants (Kp) at 25°. 


I, a cicicnntensiinte 5-0 x 107 2 5:3 x 10° 
CE eccecnvsssncencnss 2x 10% CHF,CH,°NH, ”? ........00s000000 3:3 x 1077 
EtO-CO-CHyNH, ® .......000000- 5 x 107 


2,2,2-Trifluoroethylamine 1 and glycine ester!® yield stable diazo-compounds on 
treatment with nitrous acid, and it was of interest to determine whether 2,3,4,5,6-penta- 
fluorobenzylamine would react similarly. However, attempts to nitrosate pentafluoro- 
benzylamine gave only 2,3,4,5,6-pentafluorobenzyl alcohol (28%) and 2,3,4,5,6-penta- 
fluorobenzyl chloride (25%). Although the electron-attraction and benzenoid resonance 
of the pentafluorophenyl group might be expected to facilitate loss of a proton from the 
diazonium intermediate (II) [path (a)] to yield the pentafluorophenyldiazomethane, the 
mesomeric effect of the aromatic fluorine could assist in stabilising the pentafluorobenzyl 
carbonium ion if this were formed by elimination of nitrogen [path (b)]. Mesomeric 
electron release from fluorine in polyfluoroarenes has been noted previously.” 


CCH-NEN 


A NaNO) + (a) 
CoFyCHyNH, a CF gCHp-NIN > Fe gf 
(i \\e : 
‘i 
F 
HO * 
C4Fs-CH,;OH <—— cis CoFsCH,CI 





Spectra.—Compounds derived from the 2,3,4,5,6-pentafluorotoluene system show a 
very strong doublet at approximately 1500 cm.+, and a sharp band, of weak—medium 
intensity, at ~1660 cm.+. These bands, which show little variation in frequency or 


14 Lange (ed.), ‘‘ Handbook of Chemistry,’” Handbook Publ. Inc., Ohio, 9th edn. (1956), p. 1202. 
18 Neuberger, Proc. Roy. Soc., 1937, A, 158, 68. 
16 Stewart, Diss. Abs., 1958, 18, 801. 
on Washburn (ed.), “‘ International Critical Tables,’’ McGraw-Hill Book Co., New York, 1929, Vol. V, 
p. 262. 
18 Gilman and Jones, J. Amer. Chem. Soc., 1943, 65, 1458. 
1” Silberrad, J., 1902, 81, 600. 
2° Birchall and Haszeldine, J., 1959, 3653. 
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strength with modification of the side-chain, are listed in Table 3. The 1500 cm. doublet 
is assigned to skeletal vibrations of the pentafluorophenyl ring (in accordance with the 
assignment for the similar bands in the spectra of hexafluorobenzene and compounds 
containing the C,F,*O- group 8). The strength and position of the doublet are such that it 


TABLE 3. Infrared bands. 


Doublet near Band near Doublet near Band near 

1500 cm." 1660 cm.-! 1500 cm.~} 1660 cm.-! 
CRP asndssenvewives 1502, 1522 1656 CoP CBE o.5.0005000. 1508, 1522 1656 
Cr acccnccccses 1504, 1520 1656 C,F,°CH,°OH ......... 1504, 1520 1661 
(C.FCH,).° ......... 1506, 1520 1661 C,F,°CH,NH, ......... 1499, 1515 1653 
eee 1515, 1528 1661 C,F,°CH,CO,H* ... 1508, 1522 1658 
ts + nee 1506, 1522 1656 C,F,°CH,"O°CO-CH, 1506, 1524 1656 


* Mulls in Nujol or hexachlorobutadiene: remainder, liquids. 


affords by far the best means of confirming the presence of the ring system. The band at 
about 1600 cm.*, which was either absent or very weak in compounds derived from 
pentafluorophenol, probably also arises in ring vibrations, but it is of limited value for 
identifications. 

The bands in the 900—1400 cm. (C-F stretching) region in the spectra of compounds 
containing the pentafluorobenzyl group show considerable variation in strength and 
position with changes in the side-chain. The strongest band system generally appears 
at 950—1020 cm.*, but varies considerably in shape and position within this range. Other 
bands, which sometimes exceed the 950—1020 cm. bands in strength, appear at 1110— 
1140 and 1300—1350 cm.. 

The ultraviolet spectra of pentafluorotoluene and its derivatives show a low-intensity 
aromatic band at 255—270 my. A medium-intensity band in the 220 my region is also 
present in most of the spectra; in some cases (e.g., in the spectrum of pentafluorobenzyl 
bromide) this band appears only as a weak inflexion on a high-intensity aromatic band, 
which is moved into the accessible region above 210 my by auxochromic substituents. 


EXPERIMENTAL 


Gas-liquid chromatography was carried out on a Perkin-Elmer No. 154B instrument, 
calibrated with known mixtures of pure components in each case. - Columns (2 m. long x 4 
mm. internal diameter) were packed with 30% by wt. of Apiezon “‘ L”’ grease or silicone ‘‘ MS 
550” on Celite; the carrier gas was nitrogen and the column temperature was 10° above the 
mean b. p. of the mixture under investigation. Each mixture was analysed on both columns 
and the purity of new liquid compounds was established similarly. 

n-Butylpentafluorobenzene.—A cold (—60°) solution of 0-78m-n-butyl-lithium (62-4 mmoles 
of Bu"Li) in tetrahydrofuran (80 ml.), prepared from n-butyl chloride,*4 was added to hexa- 
fluorobenzene (10-0 g., 53-7 mmoles) in tetrahydrofuran (50 ml.) under nitrogen. The stirred 
mixture was cooled to —60° + 5° throughout the addition (90 min.) and for a further 30 min., 
then allowed to warm to room temperature and poured, with vigorous stirring, into ice-cold 
water (200 ml.). The mixture was acidified with 5n-hydrochloric acid until just acid to litmus 
and extracted with light petroleum (b. p. 30—40°; 3 x 100 ml.), and’ the extract was dried 
(MgSO,). Distillation gave n-octane (0-81 g.), b. p. 43—45°/35 mm., ,*° 1-398] (lit.,2* b. p. 
45°/35 mm., 7,,”° 1-3976), and n-butylpentafluorobenzene (6-41 g., 53%) (Found: C, 53-3; H, 3-8. 
C,»H,F, requires C, 53-6; H, 40%), b. p. 84—86°/35 mm., 173—175°/758 mm., ,,*° 1-4209. 
A fraction (3-39 g.), b. p. 100—148°/35 mm., was also obtained; this was redistilled and gave 
a liquid (3-01 g.), b. p. 147—149°/35 mm., which was shown by gas-liquid chromatography to 
contain n-butylpentafluorobenzene (ca. 11%) and an unidentified component (ca. 89%). The 

21 Gilman and Gaj, J. Org. Chem., 1957, 22, 1165. 


#2 Timmermans, “‘ Physico-Chemical Constants of Pure Organic Compounds,” Elsevier Publ. Co., 
Amsterdam, 1950, p. 83. 
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latter was probably di-n-butyltetrafluorobenzene (yield ~20%) (Found: C, 63-0; H, 6-3. 
C,,H,,F, requires C, 64-2; H, 69%). The total yield of n-butylpentafluorobenzene was 
56%. 

2,3,4,5,6-Pentafluorotoluene.—(a) A cold (—10°) solution of 0-82mM-methyl-lithium (0-258 
mole of MeLi) in tetrahydrofuran (317 ml.), prepared from methyl chloride,?4 was added to 
hexafluorobenzene (40-0 g., 0-216 mole) in tetrahydrofuran (200 ml.) under nitrogen. The 
stirred mixture was cooled to —60° + 5° throughout the addition (2 hr.) and for 90 min. 
afterwards. Working up as above gave 2,3,4,5,6-pentafluorotoluene (27-9 g., 71%) (Found: 
C, 46-2; H, 1-7. C,H,F, requires C, 46-1; H, 1-7%), b. p. 117—118°/762 mm., m,,”° 1-4023. 

(b) No reaction was apparent when 5 ml. of a 1-4m-solution of methyl-lithium in ether were 
added to hexafluorobenzene (44-5 g., 0-239 mole) in ether (150 ml.) at —50° under nitrogen. 
The stirred mixture was allowed to warm to —20°; the separation of a black precipitate then 
showed that reaction was beginning. The remainder of the methyl-lithium solution (157 ml.; 
0-226 mole of MeLi total) was added during 2 hr., whilst the mixture was kept at —15° + 2°. 
The mixture was stirred at —10° for a further 30 min., allowed to warm to room temperature, 
and poured into ice-cold water (500 ml.) containing 5N-hydrochloric acid (60 ml.). Separation 
of the ethereal layer, extraction of the aqueous layer with ether (4 x 100 ml.), and distillation 
of the dried (MgSO,) extract gave 2,3,4,5,6-pentafluorotoluene (30-2 g., 69%), identical with 
the compound described above. 

2,3,4,5,6-Pentafluorotoluene and Aqueous Oxidising Agents.—No identifiable products were 
obtained when pentafluorotoluene (1-0 g.) was heated, either under reflux or in sealed tubes at 
100—200°, with concentrated nitric acid, 0-5M-potassium permanganate in 1% aqueous sodium 
carbonate, or M-potassium dichromate in 50% v/v aqueous sulphuric acid. 

Pentafluorobenzoic Acid.—A solution of chromium trioxide (3-3 g., 33 mmoles) in water 
(2 ml.) and glacial acetic acid (5 ml.) was added in 1 hr. to refluxing pentafluorotoluene (1-0 g., 
5-5 mmoles) in glacial acetic acid (10 ml.). The mixture was heated under reflux for a further 
9 hr., poured into 5N-sulphuric acid (50 ml.), and extracted continuously with light petroleum 
(b. p. 30—40°) for 24 hr. The extract was washed with 5n-suiphuric acid, dried (MgSO,), and 
evaporated, and the residue was recrystallised from toluene—light petroleum (b. p. 100—120°) 
to give pentafluorobenzoic acid (0-035 g., 3%) (Found: C, 39-5; H, 0-7%; equiv., 210. Calc. 
for C,HF,O,: C, 39-6; H, 05%; equiv., 212), m. p. 103—104° (lit., m. p. 106—107°,’ 
103—104° §). 

Chlorination of 2,3,4,5,6-Pentafluorotoluene.—(a) With chlorine. (i) Pentafluorotoluene 
(4-76 g., 26-2 mmoles) and chlorine (1-86 g., 26-2 mmoles) were sealed, under a vacuum, into a 
180-ml. silica tube and irradiated by a 250 w mercury discharge tube for 3 hr. Hydrogen 
chloride (0-87 g., 91%) (Found: M, 36-8. Calc. for HCl: M, 36-5) was produced. The liquid 
products were washed from the tube with ether (50 ml.) and the ethereal solution was washed 
with 2% aqueous sodium carbonate, 2% aqueous sodium sulphite, and water and dried (MgSO,). 
Distillation gave pure 2,3,4,5,6-pentafluorobenzyl chloride (1-21 g.) (Found: C, 38-8; H, 0-9. 
C,H,CIF, requires C, 38-8; H, 0-9%), b. p. 156—157°/750 mm., u,,?° 1-4432. Chromatographic 
analysis of the remaining fractions from the distillation showed that the following total yields 
were obtained: pentafluorotoluene, 1-00 g., 21%; pentafluorobenzyl chloride, 3-56 g., 63%; 
pentafluorobenzylidine chloride, 0-59 g.,9% ; products of b. p. > 180°, 0:2g.,3—4%. Theinfrared 
spectrum of the products of b. p. >180° showed the presence of olefinic compounds (strong 
bands at 1692 and 1724 cm.) produced by addition of chlorine to the polyfluoroarene ring. 
(For the spectra of fluorinated cyclohexenes see ref. 3.) 

(ii) Pentafluorotoluene (5-55 g., 30-5 mmoles) and chlorine (6-50 g., 91-5 mmoles) were sealed 
into a 300-ml. silica tube and irradiated, under conditions identical with those of (i) for 20 hr. 
Hydrogen chloride (2-22 g., 67%) (Found: M, 37-1) was produced, and extraction and distil- 
lation of the products as before gave 2,3,4,5,6-pentafluorobenzylidene chloride (3-31 g., 43%) 
(Found: C, 33-6; H, 0-5. C,HCI1,F; requires C, 33-4; H, 0-4%), b. p. 62—64°/10 mm., 175— 
177°/750 mm., n,*° 1-4631. No other aromatic compounds were isolated from this experiment. 
Redistillation of material boiling above 64°/10 mm. (3-69 g.) gave a fraction (0-54 g.), b. p. 
131—133°/16 mm., ”,,*° 1-4795, with analytical figures corresponding to a tetrachloro(dichloro- 
methyl)pentafluorocyclohexene (Found: C, 21:8; H, 0-4. Calc. for C,HCI,F,;: C, 21-4; 
H, 0-3%). The infrared spectrum of this substance showed very weak bands at 1490 and 
1527 cm.! and a strong band at 1695 cm.1. The presence of C-H bonds was shown by a weak 
band at 3021 cm.. 
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(iii) Pentafluorotoluene (5-13 g., 28-2 mmoles) and chlorine (4-01 g., 56-4 mmoles), irradiated 
for 12 hr., gave hydrogen chloride (1-56 g., 75%) (Found: M, 36-7). Liquid products were 
distilled and were shown by gas-liquid chromatography to contain pentafluorobenzyl chloride 
(1-8 g., 30%) and pentafluorobenzylidene chloride (3-2 g., 43%). A fraction (2-03 g., ca. 22%), 
b. p. 110—135°/45 mm., was also obtained, and shown by infrared spectroscopy not to contain 
aromatic compounds. 

(b) With sulphuryl chloride. (i) Pentafluorotoluene (5-00 g., 27-5 mmoles), sulphury] chloride 
(3-71 g., 27-5 mmoles), and benzoyl peroxide (0-038 g., 0-275 mmole) were heated under reflux 
for 10 hr. Distillation then gave pentafluorotoluene (3-01 g., 60%), b. p. 116—120°, and a 
fraction (2-21 g.), b. p. 120—160°, shown by gas-liquid chromatography to contain pentafluoro- 
toluene (10%) and 2,3,4,5,6-pentafluorobenzyl chloride (90%; 34% total yield, 94% on penta- 
fluorotoluene converted). 

Under similar conditions toluene itself gives benzyl chloride in 80% yield after only 30 
minutes’ refluxing.® 

(ii) Sulphuryl chloride (7-42 g., 55 mmoles) and benzoyl] peroxide (0-152 g., 1-1 mmoles) were 
added in portions to pentafluorotoluene (5-0 g., 27-5 mmoles), heated under reflux for 44 hr. 
Distillation then gave sulphuryl chloride (0-91 g., 12%), b. p. 69—70°, and a fraction (4-97 g.), 
b. p. 158—160°, shown by gas-liquid chromatography to contain 2,3,4,5,6-pentafluorobenzyl 
chloride (92% ; 77% yield from pentafluorotoluene) and 2,3,4,5,6-pentafluorobenzylidene chloride 
(8%; 7% yield from pentafluorotoluene). 

2,3,4,5,6-Pentafluorobenzyl Bromide.—Bromine (15-0 g., 94-0 mmoles) was added in 75 min. 
to pentafluorotoluene (15-0 g.; 82-5 mmoles), heated under reflux on a bath at 140° and 
irradiated by a 100 w bulb. Heating and irradiation were continued for a further 30 min., 
and the mixture was then cooled, dissolved in ether (50 ml.), and washed with 1% aqueous 
sodium hydroxide (50 ml.), 2% aqueous sodium sulphite (25 ml.), and water (50 ml.). The 
dried (MgSO,) ethereal solution was distilled to give pentafluorotoluene (0-76 g., 5%), b. p. 
116—119°, and 2,3,4,5,6-pentafluorobenzyl bromide (16-9 g., 85%) (Found: C, 32-3; H, 0-9. 
C,H,BrF, requires C, 32:2; H, 0-8%), b. p. 175—177°/761 mm., »,”° 1-4710. 

S-(2,3,4,5,6-Pentafluorobenzyl)thiouronium Picrate.—Pentafluorobenzyl chloride (0-2 g.) and 
thiourea (0-1 g.) in ethanol (2 ml.) were heated under reflux for 90 min. Picric acid (0-25 g.) 
was added, refluxing was continued for 15 min., and the mixture was diluted with water (1 ml.) 
and kept for l hr. The yellow needles which separated were recrystallised from water and gave 
the thiouronium picrate (0-32 g., 60%) (Found: C, 34-7; H, 1-7; N, 14:4. C,,H,F;N;0,S 
requires C, 34-6; H, 1-7; N, 14-4%), m. p. 167—168°. Application of the above procedure 
to pentafluorobenzyl bromide gave the thiouronium picrate in 80% yield. 

Reaction of 2,3,4,5,6-Pentafluorobenzyl Bromide with Aqueous Alkali.—The bromide (5-00 g., 
19-2 mmole) was heated under reflux with potassium hydroxide (1-11 g., 19-8 mmoles) in water 
(30 ml.) for 5hr. Titration of a portion of the aqueous phase then showed that the theoretical 
quantity of alkali had been consumed; this phase also gave a positive test for bromide and for 
fluoride. The mixture was extracted with ether (4 x 25 ml.) and the extracts were washed 
with water, dried (MgSO,), and evaporated. The residue (3-51 g.) was recrystallised several 
times from n-hexane and gave white crystals (1-82 g.), m. p. 102—104°, the elemental analysis for 
which was consistent with the structure, C,F,*CH,*O-C,F,°CH,°O-C,F,°CH,°OH (Found: C, 45-6; 
H, 1-5. C,,H,F,,0, requires C, 45-5; H, 1:3%). Its infrared spectrum showed strong bands 
at 941 (C-F stretching) and 1502 cm. (aromatic ring vibrations); a weak broad band centred 
on 3344 cm. showed the presence of hydroxyl groups. Comparison with the spectrum of 
2,3,4,5,6-pentafluorobenzyl alcohol showed that this compound was not present. 

2,3,4,5,6-Pentafluorobenzyl Acetate.—Pentafluorobenzyl bromide (4:00 g., 15-3 mmoles), 
freshly fused, finely powdered potassium acetate (1-80 g., 18-4 mmoles),’and glacial acetic acid 
(1-8 ml.) were heated under reflux (bath 180—200°) for 6 hr. The mixture was poured into 
water (50 ml.) and extracted with light petroleum (b. p. 30—40°; 3 x 50 ml.), and the extract 
was washed with 2% aqueous sodium hydroxide (50 ml.) and water (50 ml.), and dried (MgSQ,). 
Distillation gave 2,3,4,5,6-pentafluorobenzyl acetate (3-13 g., 83%) (Found: C, 45-1; H, 2-3. 
C,H, FO, requires C, 45-0; H, 2-1%), b. p. 201°/761 mm., m,,”° 1-4305; its carbonyl absorption 
is at 1751 cm.7}. 

The acetate (2-00 g.) was heated under reflux with 40% v/v aqueous sulphuric acid for 6 hr., 
and the mixture was then poured into water and extracted with light petroleum (b. p. 30—40°; 
3 x 50 ml.). The extract was dried (MgSO,) and distilled to give a fraction (0-94 g.), b. p. 
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190—-193°, shown by infrared spectroscopy and gas-liquid chromatography to contain 
unchanged acetate (48%) and 2,3,4,5,6-pentafluorobenzyl alcohol (62%, 35% yield). 

(Pentafluorophenyl)acetic Acid and  1,2-Bispentafluorophenylethane.—Pentafluorobenzy 
bromide (2-09 g., 8-0 mmoles) in ether (8 ml.) was added, at a rate sufficient to maintain refluxing, 
to magnesium (0-39 g., 0-016 g.-atom) and a small crystal of iodine in ether (2 ml.). The 
mixture was heated on a water-bath for 1 hr., then cooled, and the ethereal solution was 
decanted, carbonated by the addition of solid carbon dioxide (5 g.), and poured on ice (10 g.) 
and concentrated hydrochloric acid (1 ml.). The ethereal layer was separated and the aqueous 
phase was extracted with ether (2 x 20 ml.). The combined extracts were extracted with 
aqueous 2N-sodium hydroxide (2 x 20 ml.), dried (MgSO,), and evaporated. The residue 
was recrystallised from ethanol to give prisms of 1,2-bispentafluorophenylethane (0-86 g., 59%) 
(Found: C, 46-3; H, 1-3. C,,H,F,, requires C, 46-4; H, 1-1%), m. p. 107—-108° (sintered 104°). 
The alkaline extract was acidified with 5n-hydrochloric acid (40 ml.) and extracted continuously 
with ether for 24 hr. The extract was dried (MgSO,) and evaporated, and the residue was 
purified by sublimation in vacuo and gave (pentafluorophenyl)acetic acid (0-24 g., 14%) (Found: 
C, 42-8; H, 15%; equiv., 224. C,H;F;O, requires C, 42-5; H, 13%; equiv., 226), m. p. 
108—110°; its carbonyl absorption is at 1712 cm.}. 

The acid (0-10 g.) was dissolved in warm water and neutralised with sodium hydroxide, 
and the pH was adjusted to 4 with hydrochloric acid. An aqueous solution of S-benzylthio- 
uronium chloride was added, the mixture was left at 5° overnight, and the derivative which 
separated was recrystallised from aqueous ethanol to give colourless plates of S-benzylthio- 
uronium (pentafluorophenyl)acetate (0-12 g.) (Found: C, 49-1; H, 3-5. C,,H,,F;N,0,S requires 
C, 49-0; H, 33%), m. p. 162—163°. 

2,3,4,5,6-Pentafluorobenzylamine.—Pentafluorobenzyl bromide (10-0 g., 38-3 mmoles) and 
potassium phthalimide (7-10 g., 38-3 mmoles) were heated under reflux (bath 190—200°) for 
44 hr. The mass was cooled at intervals of about 6 hr. and powdered to ensure thorough 
mixing of the reactants. The product was ground in a mortar under water (50 ml.) and 
separated by filtration, and the filtrate was shown to contain considerable bromide and some 
fiuoride ion. The residue was washed with water until the washings were free from bromide, 
dried, and recrystallised several times from ethanol, to give N-(2,3,4,5,6-pentafluorobenzyl)- 
phthalimide (8-75 g., 70%) (Found: C, 55-2; H, 2-0; N, 4-4. C,,H,F,;NO, requires C, 55-1; 
H, 1-8; N, 4:3%) as white needles, m. p. 108—110°. 

The substituted phthalimide (14-70 g., 45-0 mmoles), suspended in ethanol (37-5 ml.), was 
heated under reflux with 80% w/w hydrazine hydrate (2-81 g., containing 1-44 g., 45-0 mmoles, 
of N,H,) for 1 hr. 5Nn-Hydrochloric acid (75 ml.) was added, refluxing was continued for a 
further 30 min., and the mixture was cooled and filtered to remove phthalhydrazide. The 
filtrate was concentrated to about 60 ml., then refiltered, and aqueous 5N-potassium hydroxide 
(100 ml.) was added slowly, with cooling in ice. The oil which separated was extracted with 
light petroleum (b. p. 30—40°; 6 x 50 ml.), and the extract was dried and distilled to give a 
colourless liquid (7-31 g.), b. p. 167—169°, containing a fine white suspension. Filtration and 
redistillation under reduced pressure gave 2,3,4,5,6-pentafluorobenzylamine (6-72 g., 76%) 
(Found: C, 42-8; H, 2-2; N, 7-1%; equiv., 197. C,H,F,N requires C, 42-6; H, 2-0; N, 7-1%; 
equiv., 197) as a clear, colourless, mobile liquid, b: p. 89—90°/50 mm., 168—169°/768 mm. 
(slight decomp.), ,,2° 14407. The presence of the NH, group was shown by a doublet at 
3289, 3378 cm... 

No change took place when the pure amine was distilled at 50 mm., but distillation at 
atmospheric pressure resulted in the appearance of a white suspension in the colourless distillate. 
The solid was soluble in water, which afterwards gave a positive test for fluoride ion. A sample 
of the pure amine was stored in a sealed tube at —78° for 8 weeks and remained clear 
and colourless; when kept at room temperature for 12 months, the sample was completely 
solid. 

The amine (0-20 g.) was shaken with benzoyl chloride and 10% aqueous sodium hydroxide, 
and the resulting solid recrystallised from ethanol as colourless plates of N-benzoyl-2,3,4,5,6- 
pentafluorobenzylamine (0-22 g.) (Found: C, 55-7; H, 2-6; N, 4:8. C,,H,F;NO requires 
C, 55-8; H, 2-7; N, 4-7%), m. p. 180-5°. Its carbonyl absorption is at 1642 cm.7}. 

Tonisation Constant of 2,3,4,5,6-Pentafluorobenzylamine.—This was determined by potentio- 
metric titration of 0-01N-solutions of the amine in carbonate-free distilled water against 0-01N- 
hydrochloric acid. The apparatus has been described earlier.2” Repeated determinations 
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at the “ half-neutralisation’”’ point at 25° gave pH = pK, = 7-70, whence pKy = 6-30, Ky, = 
5-0 x 107. 

Reaction of 2,3,4,5,6-Pentafluorobenzylamine with Nitrous Acid.—The amine (2-566 g., 
13-03 mmoles) was neutralised with 1-516N-hydrochloric acid (8-66 ml.) and cooled in ice. 
Finely powdered sodium nitrite (1-00 g., 14-5 mmole) and ether (10 ml.) were added, and the 
mixture was shaken for 20 min. with periodic cooling. No reaction was evident; the ether 


TABLE 4. Ultraviolet spectra. 


In hexane In ethanol 
Amex. Amin. Amax. Amin. 
(mp) € (mp) € (my) € (my) € 
Cai ie svenvasesccsesess 220-5 1620 214 1520 220-5 1560 214-5 1440 
258-5 300 241 110 258-5 290 242 130 
COP May scccscdecces 219-5 1920 216 1910 220 1850 215-5 1780 
258-5 330 242 130 258 320 242 155 
(A: ae 219 * 6100 241 275 219 5300 242 310 
260 8200 260 800 
CoP CHC T ....00.00.2. 219 * 5500 243 145 219 * 5500 243 160 
266 760 266 750 
Cy inevanwnnsnsees 211 8300 243 155 211 9000 244 175 
217 * 6900 217 * 7500 
269 980 269 980 
CoP CEB cecisesscics 212 9200 259 900 212-5 9600 259 850 
222 * 7300 221 * 7800 
266 930 266 880 
CEP RMINE FT censeswseces 217 * 2450 240 130 217 * 2650 242-5 200 
261 530 260 460 
C,F,-CH,NH, ......... 212 4470 246 230 260 450 244 220 
260 420 
C,F,"CH,°O-CO-CH; tf 263-5 740 240 130 263-5 720 240 140 


* = Inflexion. t These compounds show indications of strong bands in the region 200—210 mu. 


layer was separated and stored in a container cooled in ice. The aqueous layer was cooled to 
4—5°, and a further 10 ml. of ether and 2 drops of 10% aqueous sulphuric acid were added: 
immediate effervescence occurred, and the mixture was shaken for 10 min., a yellow-green 
colour appearing in the ether layer. The layers were separated as before, and the procedure 
was repeated until no colour was transferred to the ether. The combined extracts (ca. 90 ml.) 
were washed with 2% aqueous sodium carbonate, dried (MgSO,), and distilled under reduced 
pressure to give 2,3,4,5,6-pentafluorobenzyl chloride (0-64 g., 23%), b. p. 78—-79°/50 mm., 
identified by infrared spectroscopy, and 2,3,4,5,6-pentafluorobenzyl alcohol (0-72 g., 28%) (Found: 
C, 42-0; H, 1-6. C,H,F,;O requires C, 42-4; H, 1-5%), b. p. 109—110°/50 mm., which crystal- 
lised as needles, m. p. 33—35°. The infrared spectrum of the alcohol (melt) showed a broad 
hydrogen-bonded OH band at 3340 cm."! and a sharp “ free ’” OH band at 3610 cm.}. 

The alcohol has been obtained previously,’ as a product of the reduction of pentafluoro- 
benzoic acid with lithium aluminium hydride, but it was not isolated. 

Ultraviolet Spectra.—These were measured (Table 4) in solution, in hexane and in ethanol, 
over the range 210—-450 my, with a Unicam S.P. 500 instrument. 


FACULTY OF TECHNOLOGY, UNIVERSITY OF MANCHESTER. (Received, March 21st, 1961.] 
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724. The Preparation of Palladium Difluoride and Complex 


Fluorides of Palladium in Selenium Tetrafluoride. 
By NEIL BarTLETT and J. W. QUAIL. 

Palladium trifluoride in selenium tetrafluoride is oxidised by bromine tri- _ 
fluoride to the quadripositive state; alone, selenium tetrafluoride reduces it to ™ 
palladium difluoride. Selenium tetrafluoride has proved to be a good sol- sie 
vent in the preparation of fluoropalladates. bes 

A trigonal modification of potassium hexafluoropalladate(1v) has been In 
identified and its structure determined. Cesium trifluoropalladate(11) has pr 
been prepared and evidence is presented for the existence of the potas- p 
sium salt. It has not been possible to prepare complex fluorides of Pd** in p 
selenium tetrafluoride. pe 

ONLY two simple fluorides of palladium have been reported. The trifluoride, first prepared 2 
pure by Ruff and Ascher,! is the more easily made and is black and paramagnetic.2. The T 
difluoride, first obtained pure by Bartlett and Hepworth, is pale violet and is the only T. 
paramagnetic bivalent palladium compound yet reported. Although palladium tetra- p 
fluoride is unknown, several complex fluoropalladates(Iv) have been described.*5® les 

Apart from the 1 : 1 bromine trifluoride complex 7 no fluoro-complexes with terpositive th 
palladium have been made. By employing the non-oxidising solvent, selenium tetra- T 
fluoride, we have attempted to make alkali-metal Pd** and Pd?* fluoro-complexes, and on 


have succeeded in preparing the latter. We have also found selenium tetrafluoride to 
be a suitable solvent for the preparation of hexafluoropalladates(tv). 

Sharpe has shown that palladium bromide gives with bromine trifluoride a complex 
of terpositive palladium, BrF;,PdF;, which is easily decomposed to the trifluoride.’ We 
find it has a magnetic moment p,q = 2-2 B.M. at 21°, close to Nyholm and Sharpe’s ? 
value for palladium trifluoride itself, u.~ — 2-0 B.M., which they had interpreted as in- 
dicative of one unpaired spin. The palladium trifluoride, however, has a close-packed 
hexagonal fluorine atom arrangement with the palladium atoms in octahedral hole sites.® 
Their near-regular octahedral co-ordination suggests the electronic configuration of the 
Pd** is 4d°,4d*,, with three unpaired spins.® It is probable that the configuration in the as 
bromine trifluoride adduct is the same. Since neither field-strength-dependence nor 
temperature-dependence data are available for these compounds, it is impossible to account 
reliably for the low values of the magnetic moments, although some spin pairing to 
give the configuration 4d®,.4d!, would be consistent with the observed moment. bi 

When selenium tetrafluoride is added to the bromine trifluoride complex, bromine is th 
immediately evolved and the solid fluoroselenonium hexafluoropalladate(Iv) separates: 


pt 
6BrF5,PdF; + 12SeF, = 6(SeF5)aPdF, + Br, + 4BrF, 
Sharpe ® reported a similar further oxidation of palladium, in bromine trifluoride solution T 
in the presence of alkali-metal fluorides. Apparently selenium tetrafluoride, like the ; 
. , ; lage ; ‘ bene: se 
alkali fluorides, is a fluoride ion donor and in the presence of such bases the quadripositive an 
state of palladium is stabilised by the formation of PdF, octahedra. Fluoroselenium a 
1 Ruff and Ascher, Z. anorg. Chem., 1929, 188, 204. th 
Nyholm and Sharpe, /., 1952, 3579. 
Bartlett and Hepworth, Chem. and Ind., 1956, 1425. Wi 
Cox, Sharp, and Sharpe, J., 1956, 1242. 
Sharpe, J., 1953, 197. te 


Hoppe and Klemm, Z. anorg. Chem., 1952, 268, 364. 

Sharpe, /., 1950, 3444. 

Hepworth, Jack, Peacock, and Westland, Acta Cryst., 1957, 10, 63. 

Sharpe, ‘“‘ Advances in Fluorine Chemistry,’’ Butterworths Scientific Publications, London, 1958, 
Vol. I, p. 56. 
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hexafluoropalladate is isomorphous with its platinum tetrafluoride!® and germanium 
tetrafluoride !! analogues. 
Pure potassium hexafluoropalladate(Iv) is produced in the neutralisation 


(SeF,),PdF, -- 2KSeF; = K,PdF, + 4SeF, 


It gave an X-ray powder pattern which was wholly indexed on the basis of a trigonal 
unit cell. A specimen of the same compound was prepared with bromine trifluoride as 
solvent, but strong lines associated with another phase were also present. This accords 
with Sharpe’s observation ® that pure potassium hexafluoropalladate(Iv) cannot be made 
in bromine trifluoride. The trigonal modification is commonly observed in A,MF, com- 
pounds but this is the only reported example in the A,PdF, series. Hoppe and Klemm ® 
prepared a hexagonal modification, a = 5-75, c = 9-51 A, of potassium hexafluoro- 
palladate(Iv) by a medium-temperature fluorination of the complex chloride. A third 
possible modification would have the energetically similar antifluorite structure, but this 
has not been observed although the cubic rubidium ® and cesium fluoropalladates »* are 
known. For potassium fluoroplatinate the trigonal modification is the only one reported.!” 
The structural data for this and the isomorphous fluorogermanate }* are compared in 
Table 1 with our values for the fluoropalladate. Despite great similarity in structure, 
potassium hexafluoropalladate(Iv) and potassium hexafluoroplatinate(Iv) differ markedly 
in their behaviour with water; the fluoroplatinate may be recrystallised from water and 
the fluoropalladate is instantly hydrolysed with precipitation of brown palladium dioxide. 
The difference in lability is surprising in view of the presumed similarity of the electronic 
configurations in the Pt** and Pd** ions (5d®, and 4d®, respectively). 


TABLE 1. 
a (A) c (A) cla xF 2F zK M-F (A) Ref. 
K,GeF, ...... 5-62 4-65 0-827 0-148 0-220 0-700 1:77 13 
4 5-72 4-67 0-816 0-15 0-24 0-70 1-86 Present work 
eae 5-76 4-64 0-806 0-15 0-25 0-74 1-91 12 
Atomic positions of space group D3q*: Pd(Pt,Ge) in (a): 000; 2K in 2(d): 1/3,2/3,z; 2/3,1/3,2; 6F 
in 6(i): #,2%,2; 2#,4,2%, 24,2,2; #,%,8; 4,232,232; 2%,2,2. 


The absence of a bromine trifluoride complex of quadripositive palladium must be 
assumed, since the displacement of selenium tetrafluoride gives the terpositive derivative: 


2(SeF;),PdF, + 3BrF, = 4SeF, + 2BrF,,PdF, + BrF, 


Possibly the bromine trifluoride is linked to the palladium trifluoride by a fluorine 
bridge, and a similar co-ordination of quadripositive palladium would not suffice to stabilise 
this state. 

When palladium trifluoride was treated with selenium tetrafluoride in an attempt to 
prepare a 1: 1 adduct, the palladium trifluoride was reduced: 


2PdF, + SeF, = 2PdF, + SeF, 


This reaction serves as a convenient preparative method for the difluoride. Fluoro- 
selenonium hexafluoropalladate decomposes directly to the difluoride at 155° and there is no 
evidence that a palladium trifluoride—-selenium tetrafluoride complex ¢an exist. Bartlett 
and Hepworth * had conjectured that the selenium tetrafluoride derivative, from which 
they obtained palladium difluoride, was such a compound, but evidently their material 
was a mixture of the difluoride and fluoroselenonium hexafluoropalladate(tv). 

Pure cesium trifluoropalladate(11) can be made by mixing the components in selenium 
tetrafluoride. The X-ray powder pattern is complex and the compound is paramagnetic 

10 Bartlett and Robinson, /., 1961, 3417. 

11 Bartlett and Yu, Canad. J]. Chem., 1961, 39, 81. 


12 Mellor and Stephenson, Austral. J. Sci. Res., 1951, 4, A, 406. 
13 Hoard and Vincent, J]. Amer. Chem. Soc., 1939, 61, 2849. 
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although Gill and Nyholm have found a magnetic moment less than that expected for 
even one unpaired spin. Their temperature-susceptibility results are given in Table 2. 

The rutile type structure of the difluoride is consistent with the electronic configur- 
ation 4d°4d?,, with two unpaired spins, although the room-temperature value for the 
magnetic moment (u.¢ 1-88 B.M.) is much smaller than the spin-only value (aie, 2°83 
B.M.). Antiferromagnetism or spin pairing or a combination of both may be 
responsible for this. A pairing of spins in this configuration would be expected to be 
accompanied by a large distortion of the co-ordination octahedron. This may account 
for the low symmetry of CsPdF, and its anomalous magnetic properties. Potassium 
fluoride will not combine with palladium difluoride in selenium tetrafluoride, probably 
because of the lower basisity of potassium fluoroselenate(Iv) solution, potassium fluoride 
having markedly lower solubility than cesium fluoride in selenium tetrafluoride. 

A 1:1 mixture of potassium fluoride and palladium trifluoride in selenium tetrafluoride 
gives a mixture of palladium difluoride, potassium fluoroselenate(Iv), and a complex 
fluoropalladate(11). A 2:1 mixture gives the same complex, some potassium hexafluoro- 
palladate(1v), and potassium fluoroselenate(Iv). This mixture has zero magnetic moment. 


TABLE 2. Casium trifluoropalladate(u): Corrected molar susceptibilities. 


Temp. (°K) 286-5 260-6 234-8 210-8 185-5 182-9 157-0 146-4 118-3 82-3 
a 1043 1078 1132 1310 1335 1268 1318 1341 1416 1568 
AM © Sadedbece 1-60 1-55 1-51 1-53 1-45 1-40 1-32 1-30 1-19 1-04 

The measurements were made at 6411 oersteds, and the susceptibility is independent of the field 
strength. 


Since potassium fluoride does not combine with palladium difluoride in selenium tetra- 
fluoride, the complex fluoropalladate(11) must be derived from a hypothetical potassium 
fluoropalladate(111) by either reduction or disproportionation. Since two mols. of alkali 
fluoride are required to avoid the formation of palladium difluoride, the reactions pro- 
ducing: the fluoropalladate(11) may be: 


PdF, + 2KF = K,PdF,; 2K,PdF, + 3SeF, = 2KPdF, + 2KSeF, + Sef; 
2K,PdF, + SeFy = K,PdF, + KPdF, + KSeF, 


Both processes probably occur. The absence of paramagnetism of the bipositive 
palladium complex fluoride is unexpected in view of the paramagnetism of the simple 
fluoride and cesium trifluoropalladate(11). 


EXPERIMENTAL 

Preparation of Palladium Trifluoride and its Adduct with Bromine Trifiuoride.—The bromine 
trifluoride complex BrF;,PdF, was prepared in a quartz bulb, as described by Sharpe ? (Found: 
Br, 25-3; F, 39-0; Pd, 33-9. Calc. for BrF;,PdF;: Br, 26-5; F, 38-0; Pd, 35-5%). It was 
paramagnetic, upg = 2-24 B.M. at 20°. The dark brown complex fluoride was decomposed 
at 220°, in a vacuum, to give black palladium trifluoride. 

Preparation of Fluoroselenonium Hexafluoropalladate(tv).—The bromine trifluoride—palladium 
trifluoride adduct was refluxed, in a quartz bulb, with a large excess of selenium tetrafluoride. 
Bromine was evolved and the dark brown complex was converted into a yellow solid. Selenium 
tetrafluoride was removed under a vacuum at 100°, leaving a bulky yellow solid, fuoroselenonium 
hexafluoropaliadate(1v) [Found: F, 45-6; Pd, 21-9; Se, 31-3. (SeF,),PdF, requires F, 46-3; 
Pd, 21-6; Se, 32-1%]. It was diamagnetic, yg = —0-053 x 10° c.g.s. units. The complex 
rapidly decomposed to palladium difluoride at 155° under atmospheric pressure. At 130°, 
however, the decomposition was incomplete after 30 min. and an X-ray powder photograph 
of the residue showed it to be a mixture of palladium difluoride and fluoroselenonium hexa- 
fluoropalladate(tv). The complex fluoride reacted rapidly with water, precipitating a brown 
solid containing palladium and selenium, probably palladous selenate. Hydrochloric acid 
dissolved the hexafluoropalladate and potassium chloride precipitated red potassium hexa- 
chloropalladate(rv) from the solution. 


14 Bartlett and Maitland, Acta Cryst., 1958, 11, 747. 
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Reaction of Bromine Trifluoride with Fluoroselenonium Hexafluoropalladate(1v).—The yellow 
complex fluoride dissolved in warm bromine trifluoride to give a red solution. From this, 
bromine trifluoride was removed under a vacuum at room temperature; this left a dark brown 
paramagnetic residue. An X-ray powder photograph showed it to be BrF;,PdF;. 

Preparation of Potassium Hexafluoropalladate(1v) in Selenium Tetrafluoride.—‘‘ AnalaR ”’ 
potassium bromide (1-688 g.) and palladium dibromide (1-892 g.) were converted respectively 
into potassium tetrafluorobromite and the 1 : 1 bromine trifluoride—palladium trifluoride adduct 
by bromine trifluoride. The reactions were carried out in separate quartz bulbs and, when 
the volatile products had been removed, selenium tetrafluoride was distilled on to each residue 
and the mixtures were refluxed to give, in one bulb, a solution of potassium fluoroselenate(1v) 
and, in the other, a suspension of fluoroselenonium hexafluoropalladate(tv). The solution was 
added to the suspension, and the mixture refluxed for 1 hr. The bright yellow suspended 
potassium hexafluoropalladate(1v) (2-166 g.) was recovered by distilling off the selenium tetra- 
fluoride at 100° under a vacuum (Found: F, 37-9; Pd, 34-6. Calc. for K,PdF,: F, 38-1; 
Pd, 35-7%). It was diamagnetic. 

Structure Determination of K,PdF,.—Thin-walled Pyrex glass capillaries (0-5 mm. in dia- 
meter) were charged in a dry-box with finely powdered samples and sealed. Photographs 
were taken on a 14-32 cm. camera with Cu-K, radiation from a nickel filter. The photographs 


TABLE 3. Structure determination of potassium hexafluoropalladate(tv). 


1jd* 1a? 1a? 1@ 1 ne Ys 1jd* 1a 1jd* 1d 
hkl = Cale. Obs. hkl Cale. Obs. hkl Calc. Obs. hkl = Cale. Obs. Aki = Cale. Obs. 
100 0-0408 0-0424 103 0-4539 0-4567 321 08213 0-8245 331 114784 a 2 14381 ) a 
001 0-0459 0-0476 212 0-4693 0-4716 402 0-8364 0-8379 005 = 1-1478 215 1-4333 
101 0-0867 0-0888 220 0-4896 0-4916 410 00-8568 0-8595 -421 11884) 11g95 6001-4688" 1-4698 
110 01223 01250 3100-5304 0-5343 293 0-9037 } an See 430 15095} 4.5105 
1110-1683 01704 «©1138 0-5355) 9.534, 4110-9027 1051-1885 324 11-5097 : 
201 0-2091 0-2115 221 0-5355 313 0-9435° 0-9439 5021-2036 1-2055 3051-51501 1 5159 
102 02244 0-2267 302 + 0-5509° 05534 322 00-9589 0-9607 224 11-2242 1-2254 333 1-5147 
210 0-2856 0-2886 203 + 0-5764 a7 5001-0200 5101-2648 on —«423-—=«*1-5556Q y. 
1120-3060 0-3086 311 0.5763} O°5777 = gia 1-003 5 20215 gag 1.2650 $ 13670 431 1.5568 } 1-5560 
211 0-3315  0-3338 «= 4010-6987) 9.2995  412«21-0404° 11-0415 115 1-3701 | 12715 520.—«1-5912° 11-5914 
2020-3469 0-3494 «= 2130-69877 ~— 5011-0659) 1 o¢g7 413 «12699 12715 = 2951-6374 1-6376 
300 03672 0-3696 212 00-7140 0-7158  403—«:1-0659 511 13108) ae 
301 O-4131Y oging «004-—«0-7345-«0-7372:«««330«1-1016 11-1029 ©2051-3110 
0030-4132 3200-7752 00-7779 422 1-3260° 1-3270 


TABLE 4. Observed and calculated intensities for K,PdF,(trig.). 


Intensity Intensity Intensity Intensity 

Calc. Calc. Calc. Calc. 
hkl x 10° Obs. hkl x 10°73 Obs. hkl x10 Obs. hkl x 103 Obs. 
100 721 s’ 201 794 V.S. 301 47 . 113 107 
001 244 #=m 102 «210 Som 003 22 5™ . 221 o.7 > 
101 949 Vv.S. 210 42 w 103 15° v.v.w. 302 23 V.w. 
110 427 s 112 57 w 212 259 ms. 203 62 me 
200 0-5 Nil 211 275 m.s. 220 145 m 311 127 “<n 
111] 153 m.w. 202 346 s 310 31 V.W. 400 2 Nil 
002 8 Nil 300 81 w 


were indexed on a trigonal unit cell with a = 5-717 + 0-003, c = 4-667 + 0-003 A, the Nelson— 
Riley extrapolation function being employed. The calculated and found values of 1/d? are 
in Table 3. 

Good agreement between observed and calculated intensities was obtained by placing the 
atoms in the following positions of space group C3m — D,,*: Pd in (0,0,0); 2K in + (2/3, 1/3, 
zg) with zg = 0-70 + 0-02; 6Fin + (xp, p, zp) (xp, 2xp, 2p) (2%p, Zp, Zp) with xp = 0-15 4+ 0-01 
and zp = 0-24 + 0-02. 

Table 4 shows a comparison of observed and calculated intensities. The latter were cal- 
culated with the formula 
1 + cos? 20 


2 
sn + #- sin? 6 cos 6 


where the symbols have their usual meaning. Values of the scattering factors were taken 


18 Azaroff and Buerger, ‘‘ The Powder Method,”’ McGraw-Hill Book Co., Toronto, 1958, p. 238. 
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from Sagel’s book.4* Some difficulty was encountered in the assessment of the relative in- 
tensities because of preferred orientation of the crystallites in some samples. In photographs 
showing this effect the intensities of hk0 reflexions were enhanced and of 001 reflexions diminished. 

Cesium Hexafluoropalladate(1v).—This was prepared similarly to the potassium salt but 
gave a clear orange-red solution in the selenium tetrafluoride. The product was the yellow 
diamagnetic solid described by Sharpe.® 

Preparation of Palladium Difluoride.—Palladium trifluoride, when refluxed with selenium 
tetrafluoride at atmospheric pressure, became brown. The lilac-tinted solid left when the 
selenium fluoride had been removed was palladium difluoride (Found: F, 26-1; Pd, 73-1. 
Calc. for PdF,: F, 26-3; Pd, 73-7%). An X-ray powder photograph showed only the lines of 
palladium difluoride. 

Reactions between Palladium Trifluoride and Potassium Fluoride in Selenium Tetrafluoride.— 
An equimolar mixture of potassium fluoride and palladium trifluoride was refluxed for 3 hr. 
in selenium tetrafluoride. An X-ray powder photograph showed the lilac-tinted product to 
be a mixture of palladium difluoride, potassium fluoroselenate(Iv), and a third phase which 
gave rise to a more diffuse pattern. Whena 2: 1 molar ratio of potassium fluoride to palladium 
trifluoride was used, a magenta suspension appeared which settled, and as the selenium tetra- 
fluoride was removed a white solid crystallised on its surface. An X-ray powder photograph 
of the magenta material showed, weakly, a pattern of more diffuse lines which corresponded 
to those of the unknown phase in the 1: 1 mixture and a weak pattern of lines corresponding 
to the K,PdF, pattern. The white solid gave the X-ray powder pattern of potassium fluoro- 
selenate(1v). Palladium difluoride was not produced in the reaction. The magenta solid had 
zero magnetic moment. Yellow potassium tetrachloropalladate(11) was formed when dilute 
hydrochloric acid was added to the solid. 

Cesium Trifluoropalladate(i1)—An equimolar mixture of cesium fluoride and palladium 
difluoride was refluxed for 3 hr. at atmospheric pressure, the pale lilac suspension becoming 
brown. The selenium tetrafluoride was removed under a vacuum and left pinkish-brown 
cesium trifluoropalladate(i1) (Found: F, 19-2; Pd, 36-1. CsPdF; requires F, 19-2; Pd, 36-0%). 
The X-ray powder pattern was diffuse and complex, but the lines characteristic of palladium 
difluoride were absent. 

Attempted Preparation of Potassium Trifluoropalladate(11)—When potassium fluoride was 
substituted for cesium fluoride in the procedure just described there was no reaction, the 
X-ray powder photograph of the residue, after four hours’ refluxing showing a mixture of 
palladium difluoride and potassium fluoroselenate(rv). 

Analyses.—Palladium and bromine were determined as metal and silver bromide respectively 
in the 1: 1 bromine trifluoride—palladium trifluoride adduct, and the palladium in potassium 
hexafluoropalladate(Iv) as metal, by Sharpe’s methods.” Otherwise, palladium was precipitated 
as the dimethylglyoxime complex. Selenium was reduced to the element, by sulphurous acid, 
in the filtrate from the palladium precipitate. Fluoride was determined as lead chloride 
fluoride in the hydrofluoric acid—fluorosilicic acid distillate from perchloric acid solution.” 

Chemicals and Reagents.—‘‘ Pure Palladium Sponge ”’ as supplied by Platinum Chemicals, 
Asbury Park, N.J., was used. The bromine trifluoride was as supplied by the Matheson Co. 
Inc., Illinois. Selenium tetrafluoride was prepared according to Aynsley, Peacock, and 
Robinson’s directions.18 


The authors thank Dr. N. S. Gill and Professor R. S. Nyholm, F.R.S., for the results of 
magnetic measurements on palladium difluoride and cesium trifluoropalladate(11), the President’s 
Research Fund, The University of British Columbia, and the National Research Council, 
Ottawa, for financial assistance, and the last for a National Research Council Studentship (to 
po wee 
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16 Sagel, ‘‘ Tabellen zur Rontgenstrukturanalyse,”’ Springer-Verlag, Berlin, 1958, p. 106—119. 
17 Willard and Winter, Ind. Eng. Chem., Analyt., 1933, 5, 7. 
18 Aynsley, Peacock, and Robinson, J., 1952, 1231. 
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725. The Preparation of Some 3-Substituted Rhodanines and 
their Thiazine Analogues. 


By J. L. GaRRAway. 


The preparation of 3-substituted rhodanines (I) and their thiazine 
analogues (II) has involved a new method: base-catalysed addition of 
thiols to aryl isothiocyanates is utilised to prepare the intermediate acids 
which are then cyclised. The aryl thiocarbamoylthioacetic acids cyclise 
too readily to be isolated but the corresponding propionic acids can be 
obtained pure. 


3-SUBSTITUTED rhodanines (I) possess fungicidal activity,! but this has not been reported 
for the corresponding thiazine derivatives (II). These compounds were prepared by 
Holmberg * and Brown é¢ al.! by ring-closure of the acids (III) and (IV) respectively, 
which have been obtained * by starting from dithiocarbamic acid or its derivatives. The 
acids (IV) were isolated but the other intermediates were cyclised in situ. 


23n os 
Hac “cs H,C~ “cs R-NH-CS-S-CHCO,H (III) 
OC—N-C,4H4X HiCy_N-CoHaX 


R:NH-CS-S:CH2-CH2-CO,H (IV) 
(I) re) (IT) 

Our work started similarly. Ammonium N-aryldithiocarbamates* with sodium 
bromoacetate gave acids (III) which were not obtained pure owing to the ease of cyclisation, 
but the dithiocarbamates added to acrylic acid and the propionic acids (IV) could be 
purified. These methods are, however, limited in that weakly basic amines such as 
p-nitroaniline do not form dithiocarbamates,5 so we then studied the use of aryl isothio- 
cyanates.§ 

Considerable work ? has been devoted to reaction of isothiocyanates with the hydroxyl 
ion, amines, and alcohols but only little ® to that with thiols. Condensing aryl isothio- 
cyanates with mercaptoacetic acid alone at 125° led to only a low yield of the rhodanine; 
and none of the thiazine analogue or the parent acid (IV) was obtained from 8-mercapto- 
propionic acid under these conditions. However, good yields of the intermediate 
acids were obtained’in both these reactions when they were carried out in 25—30% 
aqueous trimethylamine; again the propionic acids (IV), but not the acetic acids (III), 
were isolated. 

For the cyclisation Holmberg ? used acetic anhydride and sulphuric acid, and Brown 
et al.1 used hydrochloric acid. We generally used acetic anhydride at 125° but for some 
of the rhodanines better yields were obtained by warming the acids in dilute acetic acid 
or acidified 95% alcohol. 

The fungicidal tests are being completed and will be published elsewhere. 


1 Van der Kerk, van Os, de Vries, and Sijpesteijn, Mededel Landbouwhogeschpol en Opzoehingsstass 
Staat Gent, 1953, 18, 402; Brown, Bradsher, Morgan, Tetenbaum, and Wilder, J. Amer. Chem. Soc., 
1956, 78, 384. 

2 Holmberg, Ber., 1914, 47, 159. 

’ Gresham, Jansen, and Shaver, J. Amer. Chem. Soc., 1948, 70, 1001; Jansen and Mathes, ibid., 
1955, 77, 2866; Seyden-Penne, Ann. Chim. (France), 1958, 3, 599; Holmberg, J. prakt. Chem., 1910, 
81, 451. 

* Dains, Brewster, and Olander, Org. Synth., Coll. Vol. I, 1941, p. 477. 

5 Losanitch, Ber., 1891, 24, 3021; 1907, 40, 2970. 

* Dyson and George, J., 1924, 125, 1702. 

? Zahradnik, Coll. Czech. Chem. Comm., 1959, 24, 3407, 3422; Browne and Dyson, J., 1931, 3285. 

8 Andreasch and Zipser, Monatsh., 1903, 24,499; Benghiat, Stauffer Chemical Co., U.S.P. 2,905,689/ 
1959. 
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3-Substituted Rhodanines and their Thiazine Analogues. 


EXPERIMENTAL 
The products and the methods by which they were obtained are listed in Tables 1—3. The 
following are examples of the methods. 
3-Phenylrhodanine (Method A).—Bromoacetic acid (2-8 g.), dissolved in water (20 ml.), was 
neutralised with 2N-sodium hydroxide, and ammonium phenyldithiocarbamate (3-8 g.) in 
water (40 ml.) was added. The solution was warmed on a water-bath for 5 min., then cooled 
and filtered. The filtrate was acidified with hydrochloric acid and the precipitate filtered off. 
The precipitate was dissolved in a minimum volume of hot alcohol to which a few drops of 
dilute hydrochloric acid had been added. The rhodanine was deposited, on cooling, as pale 
orange needles. 
TABLE 1. 3-Substituted rhodanines (1). 
Method of Yield Found: Reqd. : 
X in (I) prep. M. p. (%) Formula N (%) N (%) 
- TERESA A 195—197° 10 C,H,NOS, 6-8 6-7 
aeons B&C 168-5—169-5 50&90 C,,H,NOS, 6-3 6-3 
SUE shepakateeasin B&C 125—126 12&45 C,H,-CINOS, 5-9 5-7 
SS SR: B 165—166 12 , 5-65 5-7 
eee A&B 125—127 5 &17 ‘ 5-5 5-7 
I i ities B 141—142 47 C,H,Cl,NOS, 5-2 5-0 
ee c 195—196 * 33 C,H,N,0,S, 10-8 11-0 
OS a sisesinticses B&C 229--230* 15 & 33 Ill 11-0 
p-COMe ......... Cc 146—147-5 38 C,,H,NO,S, 5:3 5-2 
 gplecoornag c 147—149 45 C,H,NO,S, 6-3 6-2 
p-OMeE .........4+. c 156—158 50 C,oH,NO.S, 5:7 5-9 
* With decomp. 
TABLE 2. 8-(N-Arylthiocarbamoylthio) propionic acids (IV; R = C,H,X). 
Method of Yield Found: Reqd. : 
4 prep. M. p.* (%) Formula N (%) N (%) 
i sad sicsnchbien D&E 159—160° 46&33 C,,H,,NO,S, 6-0 5:8 
ED ccwinsiibin D 155—156 10 C,,H,3NO,S, 5-3 5-5 
RRR E 128-5—129-5 5&8 C,H, CINO,S, 5-1 5-1 
DE iiialendiieen E 121—122 29 2 5-4 51 
CN a crtatechincel D&E 151—152 10 & 29 , 5-1 5:1 
Be wscnsanesees E 103—104 10 C,,H,Cl,NO,S, 4-6 45 
SPMD eg 0000000002. E 147—148 21 CyoHoN20,S, 10-0 9-8 
"eae E 173—174 25 a 9-95 9-8 
p-CO.Me ......... E 161—162 40 C,,H,;NO,S, 4-9 4:8 
* eee 1 147—148 19 Cy9H,,NO,S, 5:3 5-45 
POM .....0..0000 E 156—157 44 C,,H,;NO,S, 5-2 5-2 
* With decomp. 
TABLE 3. 3-Aryl-substituted tetrahydro-4-oxo0-2-thiothiazines (II). 
Method of Yield Found: Reqd. : 
X in (IT) prep. M. p. (%) Formula N (%) N (%) 
— ASSES F 172—174° 54 C,,H,NOS, 6-4 6-3 
/ “Spaeaentis B 147-5—148-5 50 C,,H,,NOS, 6-1 5-9 
* Rtan P 99—100 22 C,,H,CINOS, 5:8 5-4 
eee F 214—215 * 29 ‘ 5-4 5-4 
BOGE Scnksoccercnces F 156—157-5 31 i 5-4 5-4 
Pe. eae F 148—150 * 32 C,,H,Cl,NOS, 5-0 4-8 
— ee P 192—193 * 82 CyoH,N,0,S, 10-4 10-4 
Be ssineornvenne F 212 * 61 - 10-2 10-4 
~-CO,Me ......... F 203—204 36 C,,H,,NO,S, 5-0 5-0 
SE Aidcschinlnns KF 186—188 * 20 C,H, NO,S, 5-75 5-9 
p-OMe ............ F 157—158 37 C,,H,,NO,S, 5-4 5-5 
* With decomp. 
3-p-Tolylrhodanine (Method B).—p-Tolyl isothiocyanate (1-5 g.) and mercaptoacetic acid 
(1-4 ml.) were heated for 1} hr. at 125°, then poured into water. The precipitated rhodanine 
was filtered off and recrystallised from alcohol as pale yellow needles. 
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3-p-Nitrophenylrhodanine (Method C).—p-Nitropheny] isothiocyanate (0-9 g.) and mercapto- 
acetic acid (0-7 ml.) were shaken in 25—30% trimethylamine solution (10 ml.) for $ hr. The 
clear solution was diluted and acidified and the precipitate filtered off, washed, and dried. 
The crude acid (1-0 g.) was heated with acetic anhydride (5-0 ml.) at 125° for } hr., poured into 
water and left for several hours. The solid rhodanine was filtered off and recrystallised from 
glacial acetic acid, as light orange needles. 

B-(N-Phenylthiocarbamoylthio)propionic Acid (Method D).—To a suspension of ammonium 
phenyldithiocarbamate (1-9 g.) in ethyl acetate (30 ml.), at 0°, acrylic acid (1-4 ml.) was added 
with stirring. The whole was shaken for 1 hr., an equal volume of ether added, and the 
precipitate of ammonium acrylate filtered off. The filtrate was evaporated with a stream of 
air at room temperature, water added to the residue, and the insoluble acid filtered off. It 
(1-3 g.) was four times recrystallised from 40% aqueous acetic acid, forming colourless plates. 

8-(N-p-Nitrophenylthiocarbamoylthio)propionic Acid (Method E).—25—30% Aqueous tri- 
methylamine (10 ml.) was added to a mixture of p-nitrophenyl isothiocyanate (1-8 g.) and 
$-mercaptopropionic acid (1-4 g.), and the whole was shaken for $ hr., then diluted with water, 
and acidified. The crude acid (2-2 g.) was filtered off and recrystallised twice from 75% aqueous 
acetic acid, forming yellow needles. 

Tetrahydro-3-p-nitrophenyl-4-0x0-2-thiothiazine (II; R = p-NO,°C,H,) (Method F).—8-(N- 
p-Nitrophenylthiocarbamoylthio)propionic acid (1-5 g.) and acetic anhydride (15 ml.) were 
heated at 125° for 4 hr., then poured into water and left several hours. The yellow solid 
thiazine derivative was filtered off, washed, and recrystallised from glacial acetic acid. 


I am indebted to Professor R. L. Wain, F.R.S., for his interest and criticism. 


WyYeE COLLEGE (UNIVERSITY OF LONDON), 
ASHFORD, KENT. (Received, January 16th, 1961.) 





726. Phosphine Oxide Complexes. Part V.* Tetrahedral Complexes 
of Manganese(t1) containing Triphenylphosphine Oxide, and Tri- 
phenylarsine Oxide as Ligands. 


By Davip M. L. GoopGAME and F. A. Cotton. 


Some complexes of manganese(11) salts with triphenylphosphine oxide 
and with triphenylarsine oxide have been prepared. Various lines of spectral 
evidence are adduced to show that several of these, particularly those of the 
general formula [Mn(Ph,PO),X,] (X = halide) and their arsine oxide 
analogues, are tetrahedral. Some confirmatory X-ray evidence is also given. 


PREVIOUS studies have shown that complexes of the type [M"(Ph,PO),X,] are frequently 
tetrahedral. This has been found to be true for the nickel(11) complexes where X = 
Cl,! Br,}? or I1, as well as for their triphenylarsine oxide analogues * with X = Cl or Br, 
for the cobalt(11) complexes ** where X = Cl, Br, or I, and for the copper(I!) compounds ® 
where X = Cl or Br, although the arsine oxide analogues of these copper(II) com- 
pounds appear not to be tetrahedral.5 These results suggested that the corre- 
sponding manganese(II) complexes might be tetrahedral, and accordingly the compounds 
[Mn(Ph,PO),X,] where X = Cl, Br, and I as well as the triphenylarsine oxide analogues 
of two of them have been prepared and thoroughly investigated by various physical 
techniques. The results show that most, if not all, of these compounds do contain tetra- 
hedrally co-ordinated manganese(I!). 


* Part IV, J., 1961, 2298. 


1 Cotton and Goodgame, J. Amer. Chem. Soc., 1960, 82, 5771. 
2 Issleib and Mitscherling, Z. anorg. Chem., 1960, 304, 73. 

% Goodgame and Cotton, J. Amer. Chem. Soc., 1960, 82, 5774. 
* Holm and Cotton, J. Chem. Phys., 1960, 32, 1168. 

5 Goodgame and Cotton, J., 1961, 2298. 
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The compounds studied in this work are listed in Table 1. All are well-defined crystal- 
line substances with definite melting points. The attempt to prepare [Mn(Ph,AsO),I,] 
failed, affording instead [Mn(Ph,AsO),|I,. As shown in Table 2, the electrolytic con- 
ductances and magnetic moments support the assigned formule and structures. Most of 


TABLE 1. Formule and characteristics of the manganese(i1) complexes. 








Yield C (%) H (%) As or P (%) 
Compound Colour M.p. (%) Found Reqd. Found Reqd. Found Reqd. 
{[Mn(Ph,PO),Cl,] Pale yellow 244° «58 63-4. 63-4 4-6 4-4 9-2 9-1 
(Mn(Ph,PO),Br,} Pale green 243 60 56-25 56:1 405 3-9 8-2 8-0 
[Mn(Ph,PO),I,}_ ...... Pale yellow 230 39 50-0 50-0 3-5 3-5 7:3 7-2 
[Mn(Ph,PO),(NO,),] Pale yellow 236 0=— «69 587 588 40 41 815° 84 
[Mn(Ph,AsO),Cl,] Very pale yellow 236 86-5 564 561 385 39 19-6 19-45 
{[Mn(Ph,AsO),Br,} Pale yellow-green 214 79 50-6 50-3. 3-7 3-5 17:8 17-4 
{Mn(Ph,AsO),]I, Pale cream 228 51* 53-9 54:1 3-8 3-8 18:95 18-8 
* Based on triphenylarsine oxide. & Found: N, 3-9. C,,H,7>MnN,O,P, requires N, 3-8%. 
TABLE 2. Some further characteristic properties of the complexes. 
Molar conductance (Ay) in _ oe oe 
ohm" for 10-%m-solutions Diamag- 
oo = “ netic 
Tribo- Ph-NO, Me-NO, correc- mi 
Fluor- lumin- Temp. Temp. Temp. 10*yy tion (B.M.) 
Compound escent escent Ay (c) Am (c) (Kk) (corr.) (x10*) +0-06 
[Mn(Ph,PO),Cl,} No At 80°K ~0 26-22 — —  298-3° 14,544 408 5-92 
{[Mn(Ph,PO),Br, Yes Yes 12 24-2 -~ — 2983 15,045 429 6-02 
{[Mn(Ph,PO),I,} Yes Yes 33 25-8 -— - 298-4 15,081 457 6-02 
{Mn(Ph,PO),(NO,),| No No 18 26-6 -- — 299-3 15,402 408 6-10 
{[Mn(Ph,AsO),Cl,} No No 2-2 26-6 —= — 298-6 15,098 452 6-03 
{Mn(Ph,AsO),Br,] At 80°k At80°K 24 25-0 ~~ — 299-8 15,023 473 6-03 
[Mn(Ph,AsO),]I, No No 32-3. 27-2 «136 26-4° 295-4 15,074 899 5-99 


* Values of the corrected molar susceptibility, yy (corr.), and the diamagnetic corrections are in 
c.g.s. units. 


the effective magnetic moments are in excess of the expected spin-only moment (5-92 B.M.) 
by slightly more than the estimated experimental errors. This may be a consequence of 
weak ferromagnetic interactions but we did not deem this point to be of sufficient interest 
at present to warrant extending the susceptibility measurements to low temperatures. 
However, because it is to be expected theoretically that the spin-orbit coupled inter- 
action between excited quartet states having orbital angular momentum and the °A,, 
ground state ® will be small, the interionic coupling mechanism seems more probable. 

The complexes have been further characterized by their infrared spectra. The more 
significant observations are collected in Table 3. For all of the phosphine oxide com- 
plexes, the P-O frequencies are lowered by complex-formation, in accord with previous 
observations and with theoretical expectation 7*® on the assumption of partial multiple- 
bond character for the P-O bonds as well as for the comparable S-O bonds in dialkyl 
sulphoxides. In the compound [Mn(Ph,PO),(NO3)9] the infrared spectrum shows that the 
nitrate groups are co-ordinated through oxygen as in the analogous cobalt(t1), nickel(1), 
copper(II), and zinc(II) complexes, on the criteria first developed by Gatehouse, 
Livingstone, and Nyholm." 


* Figgis, Trans. Faraday Soc., 1960, 56, 1553. 
7 Sheldon and Tyree, J. Amer. Chem. Soc., 1958, 80, 4775. 

® Cotton, Barnes, and Bannister, J., 1960, 2199. 

* Cotton, Francis, and Horrocks, J. Phys. Chem., 1960, 64, 1534. 
10 Bannister and Cotton, J., 1960, 2276. 

1 Gatehouse, Livingstone, and Nyholm, J., 1957, 4222. 
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For the two arsine oxide complexes, [Mn(Ph,AsO),Cl,] and [Mn(Ph,AsO),Br,}, how- 
ever, we obtain the surprising result that the As—O frequencies appear to be shifted up- 
wards by some 20—30 cm.!. This result is in sharp disagreement with some previous 


TABLE 3. Infrared absorption spectra. 


P-—O stretching Shift As-O stretching Shift 
frequency (cm.“!) (cm.“!)_ Ref. frequency (cm.“!) (cm.~) 
PTE weunistenersevecess 1195 —- 8 i eee 880 — 
Mn(Ph,PO),Cl,]_ ... 1155 —40 [Mn(PhsAsO),Cl,] | 923sh 892 +28 
Mn(Ph,PO),Br,] ... 1163sh 1151 —38(av) [Mn(Ph,AsO),Br,] 911 883 +17 
Mn(Ph,PO),I,] ...... 1161 1148 —4l1(av) (Mn(Ph,AsO),]I, 872 =—§ 
Mn(Ph,PO),(NO,).] 1189 1165 —18(av) 
Data for nitrate group: Absorption maxima (cm.~?) Ref. 
Mn(Ph,PO),(NO,),)_ .....-.-- 1499ms, 1292s, 1031m, 821mw 
Co-ord. nitrate (M—ONO,) ... 1530—1480(s—ms), 1290—1253s, 1035—970s, 820—780(w—m) 10, 11 
ROME GENE oncinsvscsesescsss 1450—1350(s—vs), ~1050(vw or absent), 840—880(vw—m) 11, 12 


observations *1%-14 on triphenylarsine oxide complexes of other metal salts in which the 
expected frequency decreases were found. We are not at present able to offer any well- 
founded explanation for these results, but further studies have been undertaken and will 
be reported later. 

The spectral properties of these complexes are of special interest. There is much 
experimental evidence to show that Mn(11) ions in tetrahedral surroundings tend to cause 
fluorescence and that the fluorescence has a pale yellow-to-green hue. Thus, many 
commercial luminescent materials are Mn(11)-doped zinc compounds such as ZnO, ZnS, or 
Zn,SiO,, in which the cations are tetrahedrally co-ordinated. 16 It is also known that the 
tetrahedral tetrahalogenomanganese(11) ions,!*® e.g., [MnCl,]?~, [MnBr,]?-, [Mn],]*-, and 
various mixed ones *° are generally fluorescent.17182® There is also evidence that when 
octahedrally co-ordinated manganese(II1) ions do cause fluorescence the colour is pink, 
salmon, or red in contrast to the yellow-green colour characteristic of the fluorescence of 
tetrahedral manganese(11).15162! As shown in Table 2, two of the compounds reported 
here, {[Mn(Ph,PO),X,] (X = Br and I), fluoresce at room temperature, and one, 
(Mn(Ph,AsO),Br,], does so when cooled to ~80°k. The remaining four compounds 
exhibited no fluorescence at either temperature. In the three cases of fluorescence, the 
colour was yellow-green. On the basis of the empirical correlations summarized above, 
this constitutes good evidence that these three compounds- contain tetrahedrally 
co-ordinated manganese(I1) ions. The failure to observe fluorescence in the remaining 
compounds is not, of course, to be construed as evidence against their containing tetra- 
hedrally co-ordinated manganese(I1), for fluorescence can be quenched by various 
mechanisms having no relation to the gross symmetry of the co-ordination sphere.%16 In 
particular, vibrational excitation of lattice modes can provide a path for non-radiative 
escape from a potentially fluorescent excited state. The fact that dibromobis(triphenyl- 
arsine oxide)manganese(II) becomes fluorescent at 80° K emphasizes the temperature- 
dependence of the phenomenon and requires recognition of the possibility that one or more 
of the remaining complexes might fluoresce at still lower temperatures. 

12 Miller and Wilkins, Analyt. Chem., 1952, 24, 1253. 

Goodgame and Cotton, unpublished observations on Ph,AsO complexes of nickel(1). 
14 Phillips and Tyree, J. Amer. Chem. Soc., 1961, 88, 1806. 


15 Kroger, Ergebn. exakt. Naturwiss., 1956, 29, 61. 
Leverenz, ‘‘ An Introduction to Luminescence of Solids,’’ John Wiley and Sons, Inc., New York, 


17 Cotton, Goodgame, and Goodgame, unpublished results. 
18 Jorgensen, Acta Chem. Scand., 1957, 11, 53. 

19 Gill and Nyholm, /., 1959, 3997. 

20 Sacco and Naldini, Gazzetta, 1960, 89, 2258. 

#1 Linwood and Weyl, J. Opt. Soc. Amer., 1942, $2, 443. 
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In addition to the fluorescence under ultraviolet excitation, triboluminescence has been 
observed in several of these compounds. Dibromobis(triphenylphosphine oxide)man- 
ganese(1I) and di-iodobis(triphenylphosphine oxide)manganese(11), both of which fluoresce 
at room temperature, also triboluminesce at room temperature, while dibromobis(tri- 
phenylarsine oxide)manganese(I1), which fluoresces only on cooling, also triboluminesces 
only on cooling. In addition, dichlorobis(triphenylphosphine oxide)manganese(11), which 
was not observed to fluoresce even on cooling to 80° k, does triboluminesce when cooled. 
In all four cases the colour of the triboluminescence, which is difficult to detect in an 
illuminated room but very easily observed in the dark, is indistinguishable by eye from the 
colour of the fluorescence, suggesting that the emitting species is the same in both cases. 
Triboluminescence has been previously observed in various commercial phosphors of the 
types referred to earlier,22 and may be attributed to excitation of the tetrahedrally 
co-ordinated manganese(II) ions by electric discharges through high local potentials at 
fracture faces. 

Unfortunately, all of the new compounds reported here were insufficiently soluble in 
suitable solvents to allow measurement of their electronic absorption spectra in the visible 
region. Ina thorough study of the electronic spectra of the [MnX,]?~ ions ?” it has been 
established that the molar absorbance values at the peaks are 10*—10* times higher than 
those for octahedral complexes; nevertheless, they are only of the order of 2— 
25 1. mole? cm.* and since all of these complexes have rather high molecular weights 
(700—1600) solutions of sufficiently high molar concentrations could not be prepared. 
However, the reflectance spectra provide good evidence of tetrahedral co-ordination in 
four cases. The wavelengths of the absorption maxima for all these compounds are 
collected in Table 4 and the spectra of the five dihalogenobis{triphenylphosphine (or 
arsine) oxide]manganese(II) complexes are shown in the Figure. 


TABLE 4. Reflectance spectra of the complexes. 


Compound Position of absorption bands (my) 
{[Mn(Ph,PO),Cl,] ...... 330 350 ~375sh ~430sh 443 ~470sh 
{Mn(Ph,PO),Br,] ...... ~330sh 352 375 ~430sh 445 465 
{Mn(Ph,PO),I,] ...... ~330sh 375 ~475sh ~550sh 
{[Mn(Ph,PO),(NO,),] 320 340 ~357sh ~410sh, br 
{Mn(Ph,PQ,)](C1O,), 320¢ 
[Mn(Ph,AsO),Cl,}_ ... 330 375 430 445 ~485sh 
{[Mn(Ph,AsO),Br,]} ... 330 ~347sh ~375sh 430 448 ~475sh 
[Mn(Ph,AsO), iI, ...... 330 ~345sh ~365sh 


« Data of Bannister and Cotton.™* 


The reflectance spectra of the chloro- and bromo-complexes provide evidence of their 
tetrahedral structures in three ways. (1) The fact that the triplet in the 400—500 mz 
range is clearly observed indicates that their extinction coefficients are much higher than 
those for octahedrally co-ordinated manganese(11). The corresponding bands for octa- 
hedral manganese(II) are extremely difficult and generally impossible to detect in ordinary 
reflectance spectra whereas salts of the tetrahedral tetrahalogeno-anions always give the 
same well-developed reflectance spectra as we have observed here. (2) Further 
indications of the much stronger absorption in the 400—500 my range by tetrahedral 
than by octahedral manganese(I1) are the fairly pronounced yellow to green colours of the 
tetrahedral tetrahalogeno-complexes as well as those reported here, whereas octahedral 
manganese(II) compounds usually have very pale pink tints. This simple visual criterion 
seems to provide a very reliable distinction, especially when the compound is available in 
crystalline form. Finely powdered tetrahedral complexes often look completely colourless, . 
or very nearly so, but when crystals even only about 0-1 mm. thick are examined the 
vellow-to-green colour is unmistakable. (3) The energy-level diagram for manganese(I1) 
is qualitatively the same for both tetrahedral and octahedral fields, and the triplet in the 


22 Ref. 16, pp. 171—172. 
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400—500 my range can be assigned to transitions from the ®S ground state to the excited 
states, in increasing order of energy, *T,, 4T,, (4Z, £A,), which originate from the “G term 
of the free ion. The separation between these states is dependent upon the ligand field 
strength, but not linearly, because there are higher-lying T, and T, states which interact 
with those considered here. For our purpose here, a sufficiently accurate idea of the 
dependence in these compounds may be obtained from the diagram published by Heidt, 
Koster, and Johnson.% While the three peaks constituting this triplet are separated by 
~4000 (#72, — 4T1,) and ~2000 (4A1,,4E, — *T2,) wave numbers, in the octahedral hexa- 
aquo-ion, the separations observed in our compounds are ~1700 (47, — 47,) and ~600 
(4A,,4E — 4T,) wave numbers. Since oxygen, bromide, and chloride are all closely 
placed in the spectrochemical series we should expect 10Dgq in these tetrahedral complexes 
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to be ~4/9 of that (~8000 cm."') in the hexa-aquo-ion. Using the diagram of Heidt et al.¥ 
we find that for 10Dg = 3600 cm.* the expected separations are ~1600 (#7, — 47) and 
~500 (4A,,4E — 4T,) wave numbers, in excellent agreement with the observations. 

The colour, fluorescence, and triboluminescence of di-iodobis(triphenylphosphine 
oxide)manganese(II) leave little doubt of its tetrahedral structure, although its reflectance 
spectrum does not provide positive evidence. Whether the unique appearance of this 
spectrum is due to the occurrence of charge-transfer absorption, which is not infrequently 
encountered in iodo-complexes in this region, to some anomalously high reflectivity of the 
crystal surfaces or to still other causes, we do not know. Tetrakis(triphenylarsine oxide)- 
manganese(II) iodide has a cream or light tan colour, different to the eye from the yellow-to- 
green colours of the other complexes, shows no fluorescence or triboluminescence, and its 
reflectance spectrum shows only a rising absorption toward the ultraviolet region with 
several ill-resolved shoulders and possibly a peak at about 330 mu. It seems probable 
that this complex, like the similar compound,™ tetrakis(triphenylphosphine oxide)- 
manganese(II) perchlorate, contains [Mn(OAsPh,),] groups in which the MnO, moieties are 
planar or nearly so. For dinitratobis(triphenylphosphine oxide)manganese(11) the yellow 
colour is suggestive of a tetrahedral structure, but the compound does not fluoresce or 


*8 Heidt, Koster, and Johrson, J. Amer. Chem. Soc., 1958, 80, 6471. 
*4 Bannister and Cotton, J., 1960, 1878. 
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triboluminesce under any conditions we have tried, nor does the reflectance spectrum 
provide any confirmatory evidence. It shows some structure, but none which is charac- 
teristic of tetrahedral complexes. 

The X-ray powder diffraction patterns of two of these compounds show them to be 
isomorphous with their nickel(11) and cobalt(11) analogues which have previously been 
shown to be tetrahedral. Thus dichlorobis(triphenylphosphine oxide)manganese(II) is iso- 
morphous with its cobalt(II) analogue,* and dibromobis(triphenylphosphine oxide)man- 
ganese(II) is isomorphous with its nickel(11) analogue. 

In summary, the evidence supporting the assignment of a tetrahedral structure and the 
conclusions we believe may be drawn from it for each of the new complexes are collected 
in Table 5. 


TABLE 5. Summary of evidence for tetrahedral structure of the complexes. 


Reflectance Tribo- 

Compound Colour spectrum Fluorescence luminescence X-Ray Conclusion 
(Mn(Ph,PO),Cl,] ......... ob +4 0 + ++  Tetrahedral 
{[Mn(Ph,PO),Br,] ......... - ++ a a ++ Tetrahedral 
(Mn(Ph,PO),I,] _ ......... a 0 — — 0 Tetrahedral 
{[Mn(Ph,AsO),Cl,]_ ...... sot 0 0 0 Tetrahedral 
[Mn(Ph,AsO),Br,] ...... + ++ + + 0 Tetrahedral 
[Mn(Ph,PO),(NO,).]_ ... a. ~- 0 0 0 Probably not 

tetrahedral 
[Mn(Ph,AsO),]I, ......... — — 0 0 0 Probably not 
tetrahedral 
+ Positive evidence; ++ very strong positive evidence; — negative evidence; 0 indecisive. 
EXPERIMENTAL 


Triphenylarsine Oxide.—This compound was prepared by the method of Shriner and Wolf.*5 

Complexes of Manganous Halides with Triphenylphosphine and Triphenylarsine Oxides.—The 
compounds [Mn(Ph,PO),X,] where X = Cl, Br, I, and [Mn(Ph,AsO),X,] where X = Cl, Br 
were prepared by the following general method. The phosphine or arsine oxide and manganous 
halide were mixed in 2-2: 1 molar ratio in hot absolute ethanol solution (20—40 ml.). On 
cooling, crystals were obtained, which were filtered off, washed with cold absolute ethanol, and 
dried in vacuo. Details concerning the individual compounds are given in Table 1. The 
complexes were slightly soluble in acetone, acetonitrile, nitrobenzene, and nitromethane but 
very little soluble in other organic solvents. 

An attempt to prepare the compound MnI,,2Ph,AsO, by the general method described 
above, yielded cream-coloured crystals, m. p. 225°. Carbon and hydrogen analyses indicated 
that the compound had formula MnI,,4Ph,AsO. On recrystallization from chlorobenzene 
(3-5 g. in 25 ml.; 61% recovery), the product had m. p. 228° (analysis in Table 1). The 
complex was soluble in the cold in methanol, nitrobenzene, and nitromethane and in the hot 
higher alcohols, acetone, and chlorobenzene, forming yellow solutions in each case. It was 
insoluble in benzene and cyclohexane and decomposed by hot dioxan. 

Dinitratobis(triphenylphosphine oxide)manganese(11).—A solution of triphenylphosphine oxide 
(4-59 g., 0-0165 mole) in absolute ethanol (15 ml.) was added to 2:7 g. of a 50% aqueous solution 
of manganous nitrate [0-0075 mole of Mn(NO,),] in absolute ethanol (5ml.). After being heated 
to the b. p. and then cooled, the solution was placed in a partially evacuated desiccator over 
sulphuric acid for 3 days. The resulting pale pink solid recrystallized from chlorobenzene 
(5-37 g. in 50 ml.) as pale yellow crystals. These were filtered off, washed with chlorobenzene, 
then with benzene, and dried in vacuo (recovery 71:5%). The compound gradually decomposed, 
becoming brown during 2 months. It was soluble in the cold in alcohols, acetone, chloroform, 
dioxan, acetonitrile, nitromethane, and nitrobenzene and in hot chlorobenzene, but insoluble in 
ethyl acetate, benzene, toluene, cyclohexane, ligroin, and carbon tetrachloride. 

Fluorescent Properties of the Complexes——The compounds [Mn(Ph,PO),X,] (X = Br, I) 
showed a marked green fluorescence under ultraviolet light at room temperature. The com- 
pound [Mn(Ph,AsO),Br,] did not fluoresce at room temperature, but did so on strong cooling, 
e.g., in liquid nitrogen. The compounds [Mn(Ph,PO),X,] (X = Br,I) were triboluminescent at 


*5 Shriner and Wolf, Org. Synth., 1950, 30, 97. 
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room temperature, as were [Mn(Ph,AsO),X,] (X = Cl, Br) on strong cooling only. Although 
[Mn(Ph;PO),Cl,] was triboluminescent on cooling it was not fluorescent under ultraviolet 
light in the temperature range ~77° to ~300° k. The compounds [Mn(Ph,PO),(NO,),], 
‘Mn(Ph,;AsO),Cl,], and [Mn(Ph,AsO),]I, were neither fluorescent nor triboluminescent at room 
temperature or at liquid nitrogen temperature. The above results are summarized in Table 2. 

Electrolytic Conductance.—Measurements of electrolytic conductance were made with a 
Serfass bridge. A conventional cell was used, previously calibrated with aqueous solutions of 
potassium chloride. The results are shown in Table 2. 

Magnetic Measurements.—Determinations of magnetic susceptibilities were made at room 
temperature by the Gouy method as previously described.** Mohr’s salt and copper sulphate 
pentahydrate were used to calibrate theGouytubes. Duplicate determinations were carried out 
over a range of field strengths. The results areshownin Table 2. The diamagnetic corrections 
were Calculated with Pascal’s constants *’ and the value recorded by Foex ** for triphenylarsine 
oxide. 

Electronic Spectra.—The reflectance spectra of the solid compounds were measured by using 
a Beckman DU spectrophotometer with the standard Beckman reflectance accessory, and 
magnesium carbonate as the reference sample. The results are shown in Table 4. 

Infrared Absorption Spectra.—These were obtained with a Perkin-Elmer Model 21 spectro- 
photometer, fitted with a rock-salt prism. Nujol mulls were used. The relevant data from the 
spectra are shown in Table 3, together with reference data from the literature. 


X-Ray Powder Diagrams.—These were obtained for us by Miss R. Babineau of Arthur D. 
Little Co., to whom we express our appreciation. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, : 
CAMBRIDGE 39, Mass., U.S.A. (Received, February 20th, 1961.] 


26 Holm and Cotton, J. Chem. Phys., 1959, $1, 788. 
27 Selwood, ‘“‘ Magnetochemistry,’”’ 2nd edn., Interscience Publ. Inc., New York, 1956. 
*8 Foex, ‘‘ Constantes Selectionées Diamagnetisme et Paramagnetisme,”’ Masson et Cie, Paris, 1957. 





727. Bi(anthracene-9,10-dimethylene) (Tetrabenzo-[2,2|-para- 
cyclophane}. 


By J. H. GoLpEN. 


Reaction of 9,10-di(chloromethyl)anthracene with sodium iodide in 
acetone yields bi(anthracene-9,10-dimethylene) (I), the structure, properties, 
and reactions of which are discussed. Exposure to light converts the hydro- 
carbon into an isomer related to “ para-anthracene’”’ in structure. When 
heated the hydrocarbon is rapidly polymerised (AH = 47-1 + 5 kcal./mole). 
Unsuccessful attempts to prepare a similar dimer from 2,6-di(bromomethy])- 
naphthalene and the formation of an analogous .naphthalene polymer are 
described. 


” 


TaRDIEU ! recently obtained an infusible orange solid on refluxing the dimethanesul- 
phonates of czs- and trans-9,10-dihydro-9,10-di(hydroxymethyl)anthracene with alcoholic 
alkali and formulated it as (C,,H,,),. Treatment of the same diesters with Triton B reagent 
at —25° gave a colourless solution (max. 283 my in ether) of the hitherto unknown 9,10-di- 
hydro-9,10-dimethyleneanthracene which fixed iodine immediately to give 9,10-di(iodo- 
methyl)anthracene although the solution could not be concentrated without formation 
of a yellow polymer. 

Reaction of sodium iodide with 9,10-di(chloromethyl)anthracene in acetone has been 
stated 2 to yield a yellow, amorphous, iodine-free compound similar to that obtained by 


1 Tardieu, Compt. rend., 1959, 248, 2885. 
2 Rio, Ann. Chim. (France), 1954, 12, 229. 
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the action of zinc powder in methanol, and both products were tentatively described as 
polymers of 9,10-dihydro-9,10-dimethyleneanthracene. The former of these reactions 
has now been re-investigated and in the present work a sparingly soluble, infusible, orange 
crystalline compound was isolated which recrystallised from chloroform (63% yield after 
purification) and gave analytical figures for (C,,H,,),. An identical product was obtained 
similarly from 9,10-di(bromomethyl)anthracene. 

The ultraviolet light absorption of the present hydrocarbon in chloroform is similar 
to that of the compound described as a polymer by Tardieu. Attempts to measure the 
molecular weight by ebullioscopic or isopiestic methods failed because of the low solubility 
of the compound in organic solvents and its ready decomposition in solution at elevated 
temperatures. However, the properties are consistent with those of a cyclic dimer C,,.H,, 
and lead us to postulate structure (I), bi(anthracene-9,10-dimethylene) (tetrabenzo-[2,2}- 
paracyclophane) (cf. Fig. 1) for the hydrocarbon. The formation of this dimer instead 
of the expected di-iodo-compound is analogous to the preparation of benzocyclobutanes 
from ww’-dibromo-o-xylenes by the action of sodium iodide * and of bifluoren-9-yl from 
9-iodofluorene in the presence of iodide ion.* 

Evidence for structure (I) is as follows. 

Although vigorous oxidation yielded anthraquinone (90%) milder oxidation led to a 
compound C,,H,,0,, the molecular weight of which was established by cryoscopy. This 
contained two active hydrogen atoms and infrared analysis revealed hydroxyl (3432 cm.*) 
and carbonyl (1603, 1650 cm.*!) groups. Dehydration with sulphuric acid in acetic acid 
readily eliminated the hydroxyl groups and gave 1,2-di-(9,10-dihydro-10-oxo-9-anthryl- 
idene)ethane (III), whose structure was established by a mixed melting point and identity 
of infrared spectrum with that of a specimen prepared by condensing anthrone (IV) with 
glyoxal.> The compound C3 )H,,O0, thus has structure (II). 

The hydrocarbon (I) formed a monopicrate analogous to that from bi(naphthalene-2,7- 
dimethylene).6 The picrate readily decomposed into its constituents when treated with 
ethanol. 





ae ' “ 
CH, 
A 
NN 
CH, ; H,C OH o 
es | 2 | 2 





©) ‘oO 
CHO 
f+ COO — [OOO] 
* 


{ IV ) 2 

The crystalline hydrocarbon (I) did not melt when heated above 200° but the cooled 
material was insoluble in organic solvents. Similarly when it was heated above 100° in, 
e.g., xylene, aniline, or nitrobenzene under air or in a vacuum, a lemon-yellow, insoluble, 


* Finkelstein, Ber., 1910, 43, 1528; Finkelstein, Chem. Ber., 1959, 92, 5; Jensen and Coleman, /. 
Amer. Chem. Soc., 1958, 80, 6149. 

* Sampey and King, Bull. Furman Univ., Furman Studies, 1949, 31, No. 5, 22; Dickinson and 
Eaborn, ]., 1959, 3574. 
5 1.G. Farbenind., D.R.P. 453,768/1927. 
® Baker, Glockling, and McOmie, /., 1951, 1118. 
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amorphous powder, (C,gH,.)n, was deposited. This melted with decomposition above 
360° and was similar in properties and infrared spectrum to a specimen of the polymer (V) 
prepared by reaction of 9,10-di(chloromethyl)anthracene with phenyl-lithium.? The 
formation of this polymer from the hydrocarbon (I) can be explained by homolysis of one 
of the dimethylene bridges and subsequent intermolecular coupling of the diradicals thus 
formed. This ready polymerisation is unexpected in view of previous unsuccessful 
attempts to obtain the polymer (V), ¢.g., by pyrolysis of 9,10-dimethylanthracene.’ As 
the solid-state reaction was very rapid it was studied by differential thermal analysis in a 
nitrogen atmosphere. Polymerisation caused a very sharp exothermal peak with a 
maximum differential temperature of 25—30° from which the heat of polymerisation of 
the dimer was calculated to be AH = 47-1 +- 5 kcal./mole, a value considerably higher 
than the heats of polymerisation recorded for ethylenic monomers.® 


CH,— CH, CH 2° *CH2 
R~ Sa —s R~ ae 
< _— « - — > = ( —CHyR-CH2-CH2:R-CH2-) pn 
CH,——CH, ch Ch, 


(V) 
[es 
R= 
Cl-CH,-R:CH,CI 


Exposure of the orange crystalline compound (I) to sunlight rapidly transformed it 
into a colourless, crystalline isomer. Similarly, exposure of the orange chloroform solution 
caused loss of colour and replacement of the characteristic anthracene ultraviolet spectrum 
by a typical dihydroanthracene spectrum with a single band at 299-5 my. The mode 
of formation of this photo-isomer and its properties suggest a close relation with the dimers 
formed by intermolecular reaction from anthracene and its 9-substituted derivatives in 
the presence of light 1" although in the present case intramolecular reaction to give a 
structure (VI) (Fig. 1) is more likely. This transformation is supported by the close 
similarity in infrared spectra between compound (I) and anthracene and between the 
photo-isomer and “‘ para-anthracene ”’ in the 5—6-5 » region (Fig. 2) which is very sensitive 
to slight changes in the substitution patterns of aromatic compounds. The replacement 
of the two aliphatic C-li stretching bands at 2928 and 2965 cm."! for (I) by bands at 2962 
and 3002 cm. for the photo-isomer is evidence of the further strain placed upon the 
methylene groups in the cyclobutane portions of structure (VI). 

' 


ooo 
(l) « < (VI) 


2 
? 
(I) B 
|, Light. 2, Recrystn. from CHCl3. 3, Storage under CHCI;. 4, Dark. 


The formation of dimers from 9,10-disubstituted anthracenes is net common, and the 
photo-products are generally less stable than those from monosubstituted anthracenes 
and are readily depolymerised by heat.1*!% The ready formation of the photo-isomer in 


7 Golden, J., 1961, 1604. 

8 Errede and Szwarc, Quart. Rev., 1958, 12, 301. 

® Roberts, J. Res. Nat. Bur. Stand., 1950, 44, 221. 

10 Roitt and Waters, J., 1952, 2695. 

1 Greene, Misrock, and Wolfe, J. Amer. Chem. Soc., 1955, 77, 3852. 

12 Calas and Lalande, Bull. Soc. chim. France, 1959, 763. 

'’ Calas and Lalande, Bull. Soc. chim. I'rancc, 1959, 770; 1960, 144; Dufraisse and Mathieu, ibid., 
1947, 307. 
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the present case can be attributed to the constraint of the two anthracene nuclei in a 
position favourable for interaction, but reversion to compound (I) occurs when the photo- 
isomer is kept in the dark at room temperature or when heated, the rate of the trans- 
formation increasing with temperature. The chemical identity of the regenerated com- 
pound with the initial hydrocarbon was established by analysis and infrared spectroscopy 
although X-ray powder analysis showed it to be a polymorph of the original with a 








Fic. 1. 
CH, 
He 
CH; 
Cr, (1)(«-and 8-forms) (m1) 


Fic. 2. Infrared absorption (in Nujol) of (A) bi(anthracene-9,10-dimethylene) (1) (x-form), (B) anthracene, 
(C) photo-isomer (V1), and (D) “‘ para-anthracene.”’ 
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distinctive X-ray pattern; the initial and regenerated forms have been designated « and 8. 
Interconversions of the «- and the 8-form and the photo-isomer were followed by X-ray 
powder photography and the following relationships established, as in the chart. A 
preliminary X-ray analysis of single crystals was carried out (by Mr. J. R. C. Duke) and 
data obtained from Weissenberg films are given in the Table.* 


* More detailed X-ray analyses of bi(anthracene-9,10-dimethylene) and its photo-isomer are being 
carried out by Dame Kathleen Lonsdale, F.R.S., and her co-workers at University College, London. 
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X-Ray single-crystal data for bi(anthracene-9,10-dimethylene) : 
a- and B- forms and photo-isomer. 


Form 
(I) « (I) B (VI) (photo-isomer) 
Crystal system Monoclinic Monoclinic Monoclinic 
a (A) 8-28 8-50 8-54 
b (A) 13-26 12-85 13-06 
c (A) 21-55 10-36 9-98 
B 116° 112-9° 111-9° 
Density 1-314 1-325 1-338 
Space-group P2,/c P2,/a P2,/a 
Mol. wt. 840 (Z = 2) 414 (Z = 2) 416 (Z = 2) 
420 (Z = 4) 207 (Z = 4) 208 (Z = 4) 


Z = no. of molecules per unit cell. 


The results are consistent with the view that the hydrocarbon has a molecular weight 
of 417 in all three forms (theory, 408); in this case no molecular symmetry is necessarily 
entailed for the «-form, but the molecules of the 8-form and the photo-isomer must possess 
centres of symmetry. 

The hydrocarbon (I) with iodine and iodine monochloride did not yield identifiable 
products and with maleic anhydride in benzene it gave a crystalline compound, m. p. 365°, 
containing anhydride groupings (infrared absorption at 1751, 1821 cm.*), whose formula, 
(Cy4Hyg04)x, corresponded to two maleic anhydride residues per anthracene nucleus. 

Several dimers related to bi(anthracene-9,10-dimethylene) have been described, ¢.g., 
di-p-xylylene,™ bi(naphthalene-2,7-dimethylene),® and bi(pyridine-2,6-dimethylene),» but 
the yields were lower than in the present case. In an attempted preparation of bi(naphthal- 
ene-2,6-dimethylene) by the present method 2,6-di(bromomethyl)naphthalene with sodium 
iodide in acetone gave the corresponding iodo-compound in good yield. The dibromo- 
compound with phenyl-lithium gave a polymer; this was not formed by the pyrolysis 
of the corresponding dimethyl compound; !* again no dimer was isolated despite vari- 
ation of the conditions. 


EXPERIMENTAL 


M. p.s were determined on a Kofler hot-stage. 
9,10-Di(chloromethyl)anthracene was obtained by Miller’s method,!”? as yellow needles 
(44%), m. p. 255—260° (decomp.) (from toluene). More vigorous preparative conditions led 
to the rapid formation of polymers. 

9,10-Di(bromomethyl) anthracene.—9,10-Di(chloromethyl)anthracene .(10 g.) was extracted 
(Soxhlet) into a refluxing solution of sodium bromide (20°g.) in acetone (700 ml.). The 
precipitate was filtered off, washed with acetone, and re-extracted as before into sodium bromide 
solution. The resultant precipitate (12-3 g.) was extracted (Soxhlet) with toluene to give 
9,10-di(bromomethyl)anthracene (10-9 g., 82%), yellow needles (Found: C, 53-2; H, 3-4; 
Br, 43-4. Calc. for C,,H,,.Br.: C, 52-8; H, 3-3; Br, 43-9%), decomp. >300° (Barnett and 
Matthews 38 mention blackening at 315°). . 

Bi(anthracene-9,10-dimethylene) (Tetrabenzo-[2,2]-paracyclophane).—(a) From 9,10-di(chloro- 
methyl)anthvacene. The chloro-compound (5-12 g.) was extracted (Soxhlet) into a refluxing 
solution of sodium iodide (15 g.) in acetone (250 ml.). The red-brown solution was filtered hot 
and the residue was washed thoroughly with acetone and water and dried. No identifiable 
product was isolated from the liquors, which contained much free iodine. The orange precipitate 
(2-85 g., 75%) was extracted (Soxhlet) with chloroform (250 ml.) until the extract was colourless; 
hot filtration then yielded orange crystals (2-2 g., 63%). Recrystallisation from chloroform 
gave monoclinic plates of bi(anthracene-9,10-dimethylene) («-form) (Found: C, 93-9; H, 5-8. 
C,.H., requires C, 94-1; H, 5-9%), vmax, 2928, 2965 (aliphatic CH stretch), 3038, 3056, 3072 

14 Brown and Farthing, Nature, 1949, 164, 915; Farthing, J., 1953, 3261; Brown, J., 1953, 3265. 

15 Baker, Buggle, McOmie, and Watkins, J., 1958, 3594. 

16 Szwarc, J. Polymer Sci., 1951, 6, 319. 


17 Miller, J. Amer. Chem. Soc., 1955, 77, 2845. 
18 Barnett and Matthews, Ber., 1926, 59, 1429. 
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(aromatic CH stretch), and 1500—2000 cm."! (Fig. 2), (in chloroform) Ag,, 257, 302, 381, 418, 
449, and 459 mu (log ¢ 3-02, 3-60, 3-82, 3-50, 2-71, and 2-68). The hydrocarbon, when heated 
in nitrobenzene to 130° and then cooled, gave a yellow solution Ama. 431 my (log:e 2-50). When 
heated on a Kofler hot-stage the transparent crystals developed spots above 200° and gradually 
became opaque and brown but did not melt. The hydrocarbon was sparingly soluble in chloro- 
form, benzene, dioxan, and pyridine but insoluble in other low-boiling solvents. Attempts to 
obtain the molecular weight by ebullioscopic and isopiestic methods failed owing to the low 
solubility and ready polymerisation. 

(b) From 9,10-di(bvomomethyl)anthracene. The bromo-compound, by the above procedure, 
yielded bi(anthracene-9,10-dimethylene) («-form) (40% after purification). 

The hydrocarbon («-form) (0-5 g.) was extracted (Soxhlet) into a refluxing solution of picric 
acid (2-5 g.) in benzene (300 ml.). The solution was rapidly cooled and the microcrystalline 
olive-black precipitate was filtered off, washed sparingly with benzene-light petroleum (b. p. 
40—60°) (1: 4) and light petroleum (b. p. 40—60°), and dried. This picrate (Found: C, 72-1; 
H, 4:0; N, 6-4. C,,H,,N,O, requires C, 71-6; H, 4:3; N, 6-6%) did not melt below 360° and 
gave an X-ray powder pattern free from those of the components. Treatment of the picrate 
with ethanol at room temperature removed picric acid and left the hydrocarbon (8-form and 
trace of «-form) as an orange powder identified by its X-ray powder pattern. 

Polymerisation of Bi(anthracene-9,10-dimethylene).—(a) In solution. The hydrocarbon 
(156 mg.) and naphthalene (700 mg.) were mixed in a tube, and degassed at 10° mm. and the 
tube was then sealed and heated at 150° for 3 hr. The mixture produced was refluxed with 
benzene (100 ml.) and filtered. The insoluble portion was exhaustively extracted (Soxhlet) 
with benzene, leaving a lemon-yellow, amorphous polymer (VI) (153 mg.) [Found: C, 94-4; 
H, 5-9. (C,gH,.)n requires C, 94-1; H, 5-9%], insoluble in organic solvents, darkening above 
300°, and melting with decomposition above 360°. Similarly, when bi(anthracene-9,10-di- 
methylene) (5 mg.) in nitrobenzene (50 ml.) was heated slowly with rapid stirring, the orange 
solution changed to deep yellow sharply at 122° and deposited flocculent yellow polymer at 
180—185°; this behaviour was also observed in other solvents (e.g., aniline, xylene) with b. p. 
above 100°. (b) In the solid state. Heating the solid hydrocarbon yielded polymer identical 
(infrared) with that formed as in (a). 

Differential thermal analysis of the polymer (by Dr. C. P. Conpuit).—The analyses were 
performed in a conventional apparatus at a heating rate of 5°/min. and with 0-1—0-2 g. of the 
specimen. The specimen and reference containers were of fused silica with pockets for the 
chromel—alumel thermocouple junctions. Sand was used as the inert reference material. 
When the hydrocarbon was heated in air no thermal effects occurred below 280°; at this 
temperature a very sharp exotherm with a maximum differential temperature of 25—30° 
occurred. Beyond this peak the AT trace exhibited a second exothermal process which 
continued irregularly; examination of the specimen at this stage showed that this was due to 
extensive oxidative degradation. Repetition of the analysis in a nitrogen atmosphere gave a 
AT trace containing only the single, very sharp peak, due to polymerisation, from which the 
heat of polymerisation was calculated by Vold’s method,!® the constants used being: mol. wt. 
of monomer, 408-5; spec. heat of monomer, 0-30 cal./per g. per degree (c); heat capacity of 
specimen holder, 0-393 cal./per degree (c). The mean of five determinations gave AH, = 
47-1 + 5 kcal./mole. 

Reaction of 9,10-Di(chloromethyl)anthracene with Phenyl-lithium.—Phenyl-lithium (16-8 g.) 
in ether (400 ml.) was added dropwise during 2 hr. to a stirred, refluxing solution of 9,10-di- 
(chloromethyl)anthracene (27-5 g.) in toluene (1500 ml.) under nitrogen. A yellow solid was 
precipitated; ether was removed continuously throughout. The green mixture was decom- 
posed with water (100 ml.), acidified, and filtered. The precipitate was washed with water 
and solvents, dried (11-5 g.), refluxed with dioxan—concentrated hydrochloric acid (3 : 1) for 8 hr., 
washed, dried, and extracted (Soxhlet) with chloroform until the extract was colourless. The 
insoluble, yellow polymer (6-4 g.) [Found: C, 92-1; H, 5-9; Cl, 1-1. Calc. for (C,gHy,)3,Cl,: 
C, 93-0; H, 5-9; Cl, 1-1. Calc. for (CygHy.),: C, 94:1; H, 5-9%] darkened above 300° and 
decomposed above 360°. Infrared analysis showed the polymer to be substantially identical 
with that obtained from bi(anthracene-9,10-dimethylene). 

The Photo-isomer (V1).—Orange bi(anthracene-9,10-dimethylene) (I), «- or ®-form, when 
exposed to sunlight in air or in a vacuum, rapidly gave colourless monoclinic plates of the 


19 Vold, Analyt. Chem., 1949, 21, 683. 
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photo-isomer (V1) (Found: C, 94-0; H, 5-95. C3,H,, requires C, 94-1; H, 5-9°%%). This reverted 
to orange monoclinic plates of the 8-form of bi(anthracene-9,10-dimethylene) (Found: C, 94-3; 
H, 5:8%) slowly at room temperature or rapidly at 100°. A solution of compound (I) in 
chloroform, exposed to sunlight for 5 min., gave a colourless solution (Amax, 299-5 my; log e 
3:29). The hydrocarbon (I) («-form) was unaffected (X-ray powder pattern and infrared 
spectrum) by electron-irradiation to a dose of one gigarad. 

Oxidation of Bi(anthracene-9,10-dimethylene) (a-form).—(a) Mild conditions. Chromic 
oxide (5 g.) in 75% acetic acid (20 ml.) was added to a suspension of the hydrocarbon (1 g.) in 
refluxing acetic acid (35 ml.). The mixture was refluxed for 5 min. and poured into water 
(1 1.), and the precipitate was filtered off, washed with water and aqueous ammonia, and dried. 
The white solid (1-1 g.) was sublimed at 200°/10-* mm. to remove anthraquinone (0-2 g.), m. p. 
and mixed m. p. 282° (identity confirmed by infrared analysis). The buff residue (0-9 g., 82%), 
m. p. 288°, was purified by extractive crystallisation (Soxhlet) from benzene (3 times), to give 
colourless rods of 1,2-di-(9,10-dihydro-9-hydroxy-10-oxoanthryl)ethane (II) [Found: C, 80-7; 
H, 5-0; active H, 0-54%; M (Rast), 444. C,,H,.O, requires C, 80-7; H, 5-0; active H, 0-45%; 
M, 446-5], m. p. 287—288°, vax, 1603, 1650 (C=O), 3432 (OH, frequency shift by intramolecular 
association; O-O distance 2-80 A) cm.4. The compound was sparingly soluble in organic 
solvents but in concentrated sulphuric acid gave an intensely sea-green solution and when 
melted in alcoholic potassium hydroxide gave an intense Bordeaux-red colour. 

(b) Vigorous conditions. The hydrocarbon (1 g.) was treated as in (a) but the mixture was 
refluxed for 12 hr. and then worked up as before, to give a white solid (1 g.). Sublimation at 
200°/10°° mm. gave anthraquinone (Found: C, 81-0; H, 3-9. Calc. for C,gH,O,: C, 80:8; 
H, 3-9%) (0°92 g., 90%), m. p. and mixed m. p. 284° (identity confirmed by infrared analysis). 

The hydroxy-compound (139 mg.) was suspended in acetic acid (6 ml.), treated with 
sulphuric acid (0-3 ml.), and refluxed for 10 min. The orange crystals were filtered off, washed 
with acetic acid and ether, and dried (90 mg., 70%; m. p. 287—288°). Extractive crystal- 
lisation (Soxhlet) from acetic acid gave orange rhombs of 1,2-di-(9,10-dihydro-10-oxo-9-anthry]- 
idene)ethane (III) (Found: C, 87-8; H, 4-3. Calc. for C,,H,,0,: C, 87-8; H, 44%), m. p. 
288°. The infrared spectrum [Vmax 1590, 1642 cm.~! (C=O)] was identical with that of a specimen 
prepared by condensation of anthrone and glyoxal 5 and purified by chromatography in nitro- 
benzene on aluminium oxide; a mixed m. p. was undepressed. 

Reaction of Bi(anthvacene-9,10-dimethylene) with Maleic Anhydride.—The hydrocarbon 
(x-form) (1 g.) was extracted (Soxhlet) into a refluxing solution of maleic anhydride (2 g.) in 
benzene (250 ml.), and the solution was then refluxed for 16 hr. Filtration of the cold solution 
gave a pale yellow solid (1-15 g.), m. p. 360° (decomp.), which on extractive crystallisation 
(Soxhlet) from benzene gave pale cream needles of the adduct (Found: C, 71-8; H, 4:3. 
C,gH,2,2C,H,O, requires C, 72-0; H, 4:0%), m. p. 365° (decomp.), vmax, (in Nujol) 1751, 1821 
(anhydride) cm.*}. 

Halogenation of Bi(anthracene-9,10-dimethylene).—(a) With iodine. A chloroform solution 
(50 ml.) of the hydrocarbon (0-2695 g. in 500 ml.) was treated with water (100 ml.) and a chloro- 
form solution (25 ml.) of iodine (2-6806 g. in 500 ml.). After a known time the residual iodine 
was titrated against aqueous 0-025N-sodium thiosulphate. Reaction was complete after 48 hr. 
when 1-90 iodine atoms had been consumed per hydrocarbon molecule (M, 408). A preparative 
experiment on an increased scale yielded an intractable yellow oil. (b) With iodine mono- 
chloride. With iodine monochloride reaction was complete after 48 hr. with the consumption 
of 7-4 iodine atoms per hydrocarbon molecule. 

2,6-Di(bromomethyl)naphthalene.—A refluxing solution of 2,6-dimethylnaphthalene (172 g.) 
and benzoyl peroxide (1 g.) in benzene (2 1.) was treated with a mixture of N-bromosuccinimide 
(431 g.) and benzoyl peroxide (5 g.) during 40 min. After a further 20 min. the hot solution 
was filtered to remove succinimide (168 g.), washed with alkali, concentrated, and cooled. 
The precipitate (194-5 g.) recrystallised from toluene as colourless rods of 2,6-di(bromomethy])- 
naphthalene (170 g., 49%), m. p. 182—-183° (Ried and Bodem * give m. p. 182°). 

2,6-Di (iodomethyl)naphthalene.—2,6-Di(bromomethyl)naphthalene (5 g.) was extracted 
(Soxhlet) into sodium iodide (12-5 g.) in acetone (250 ml.) during 3 hr. and the solution then 
poured into water (1 1.). The solid (6-2 g.) was washed with water and dried in a vacuum- 
desiccator. The product readily lost iodine during recrystallisation from benzene or carbon 
tetrachloride and was purified by addition of a chloroform solution (200 ml.) to light petroleum 

20 Ried and Bodem, Chem. Ber., 1958, 91, 1981. 
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(b. p. 40—60°; 11.). The pale yellow needles (5-5 g., 85%) of 2,6-di(iodomethyl)naphthalene 
(Found: C, 35-4; H, 2-8; I, 61-9. C,H, I, requires C, 35-3; H, 2-5; I, 62-2%) began to 
decompose with loss of iodine at 109°. Crystals (1-2176 g.) of the pure iodo-compound, heated 
at 200°/10°* mm. for 3 hr., evolved iodine (59-2% of original weight, calculated iodine content 
62-3%), leaving a black residue. 

Naphthalene: Polymer [as (V)].—An ether solution of phenyl-lithium (11-0 g. in 300 ml.) 
was added dropwise to a stirred, refluxing solution of 2,6-di(bromomethyl)naphthalene (20 g.) 
in benzene (400 ml.) during 45 min., the ether being removed continuously by distillation. 
The solution was refluxed for a further 15 min., decomposed with methanol (25 ml.), and poured 
into 10% hydrochloric acid (2 1.). The greenish-yellow solid was filtered off, dried, refluxed 
with ethanol—concentrated hydrochloric acid (1: 1) for 5 hr., washed, and dried. The polymer 
[Found: C, 92-5; H, 6-3; Br, 1-6. (C,.H 4 9)s,Br, requires C, 92-3; H, 6-45; Br, 13%] (8-4 g., 
85%) softened above 300° and was not appreciably soluble in organic solvents. Modifications 
of this procedure and the use of dilution techniques gave lower yields of polymer and some 
starting material was recovered; no dimer was isolated. 





The author thanks Mr. J. R. C. Duke for determination and interpretation of the X-ray 
data, Dr. C. P. Conduit for the differential thermal analyses, and Dr. L. Bellamy for helpful 
discussion of the infrared spectra. 
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728. The Mechanism of Hydrolysis of Acid Chlorides. 
Part VII.* Alkyl Chloroformates. 


By E. W. CRUNDEN and R. F. Hupson. 


A kinetic study of the solvolysis of methyl, ethyl, and isopropyl chloro- 
formate in formic acid and in aqueous acetone is reported. 

The change in order of reactivity is attributed to a change in mechanism 
from a bimolecular displacement at the carbonyl group to an ionisation. In 
formic acid, (-+)-l-methylheptyl chloroformate solvolyses with almost 
complete inversion of configuration, showing that alkyl-oxygen fission 
occurs at some stage of the reaction. The present results do not prove 
whether rate-determining alkyl—-oxygen or acyl—chlorine fission occurs. 


As part of a detailed study of the mechanism of solvolysis of acid chlorides, we have 
investigated kinetically the reaction of several aliphatic chloroformates in formic acid 
solution and in aqueous acetone. As a chloroformate contains an ester group in addition 
to the acyl chloride group, both acyl-oxygen and alkyl-oxygen fission have to be con- 
sidered in addition to heterolysis of the carbon-chlorine bond. Each bond fission could 
conceivably occur by bimolecular displacement or by an ionisation mechanism, and hence 
the operative reaction mechanism is likely to be particularly difficult to establish. 

There are few quantitative data available on the replacement reactions of chloroformates, 
apart from the effect of structure on the rate of methanolysis.1 This reaction leads to a 
mixed carbonate ester: RO-*COCI + MeOH —» RO-CO,Me + HCl 

The following order shows that the reactivity is reduced by electron release to the 
carbonyl-carbon atom, which increases conjugation in the ground state (R>O=-C==0-Cl): 
Cl-CH,°CH,*O°COCl > MeO-COCI > EtO-COCl > PriO-COCl. The reaction may there- 
fore be assumed to proceed by bimolecular displacement at the carbonyl group. 

In aqueous solution, ethyl chloroformate gives alcohol and hydrochloric acid, although 


* Part VI, J., 1956, 501. 
1 Leimu, Ber., 1937, 70, 1040. 
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at 100° some ethylene is obtained.? The hydrolysis is strongly catalysed by sodium 
hydroxide * and is thought to proceed by bimolecular displacement to give the monoalkyl 
carbonate, which decomposes rapidly in acid or neutral solution ¢ to give the alcohol: 


EtO*COCI + H,O —— EtO*CO,H + HCI 
EtO*CO,H === +HEtO-CO,- —» EtOH + CO, 


The second stage is known to proceed with retention of configuration,5 supporting the 
following mechanism: 
a 


E +74 20 
t ii —> &OH + CO, 


In agreement with the bimolecular mechanism, we find that methyl chloroformate is 
more reactive than ethyl chloroformate in a 65:35 v/v mixture of water and acetone 
(Table 1). The predominantly bimolecular nature of the reaction of ethyl chloroformate 
in aqueous acetone is further indicated by the pronounced effect of added hydroxide ions 
on the rate ¢ (Table 2). However, Table 1 shows that isopropyl chloroformate is more 
reactive than the ethyl ester, suggesting a change in mechanism to an ionisation process. 
Moreover, chloroformates of tertiary alcohols are extremely unstable ® and rearrange 
rapidly at room temperature, probably through the intermediate formation of a carbonium 
ion. 


TABLE 1. Solvolysis of alkyl chloroformates in formic acid and in 65°/, aqueous acetone 


at 50°. 
Activation 

Formic acid, energy in 

1% water: 65% Acetone: formic acid k (aq. COMe,)/ 

105% (sec.~*) 105 (sec.-) (kcal. mole!) k (H-CO,H) 
RITES Sesccsdcrsccinecce 0-103 242 — 2350 
le a ee 7-67 109 25:1 14 
BENGE cisccdsccunsennces 540 760 22-7 1-4 


TABLE 2. Effect of ammonium hydroxide on the solvolysis of ethyl chloroformate in 
aqueous acetone at 0°. 


Concn. of Concn. of k,(OH-) . k,(OH-) 

H,0 (%) chloroformate (mM) hydroxide (mM) (I. mole~! min.~) k,(H,O) 
18 0-0286 0-0286 168 3-05 x 10° 
85 0-0286 0-0286 153 3-44 x 10° 


In order to study the ionisation process, the reacticns were examined in more detail in 
formic acid, which is known to suppress bimolecular nucleophilic reactions.? The 
irreversible nature of the reaction in this solvent was confirmed by showing that the 
conductivity at the end of the solvolysis was equal to that of a solution containing an 
equivalent amount of hydrochloric acid. The effect on the rate of formolysis of increasing 
the water concentration has been determined at three temperatures for ethyl chloro- 
formate and at 50° for isopropyl chloroformate. In all cases the changes are small over 
the 0—5% water-concentration range (for details see Table 6), showing that the reaction 


+ Results obtained by Dr. B. Saville. 


2 Thiele and Dent, Annalen, 1898, 302, 256. 

3 Hall, J. Amer. Chem. Soc., 1955, 77, 5993. 

4 Faurholt and Gjaldbaek, Dansk Tidsskr. Farm., 1945, 19, 255; and previous papers. 
5 Garner and Lucas, J. Amer. Chem. Soc., 1950, 72, 5497. 

6 Choppin and Rogers, J. Amer. Chem. Soc., 1948, 70, 2967. 

7 Bateman, Hughes, Ingold, and Taher, J., 1940, 979. 
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is insensitive to the addition of a more nucleophilic reagent. We have previously demon- 
strated ® that the rate of reaction of p-nitrobenzoyl chloride, which proceeds by a bimole- 
cular mechanism, is proportional to the water concentration in formic acid. 

In the present case there is a slight decrease in rate with increasing water content, to 
give a minimum at 4%; this we attribute to a change in the properties of the medium 
produced by the strong acid-base interaction between water and formic acid, H,O + 
H-CO,H == H,0 «++ HO,C-H, which effectively reduces the concentration of formic acid 
available for solvation. If this equilibrium is assumed to go to completion, the fractional 
decrease in rate is of a similar magnitude to the decrease in the mole fraction of “‘ free ” 
formic acid (Table 3). t-Butyl chloride has been found'to behave in a similar way. The 
rate of formolysis of t-butyl chloride is approximately constant over the 0—10°% water- 
concentration range in accordance with its Syl mechanism. However, there is again a 
slight decrease in rate, and as in the case of the chloroformates the fractional change in 
rate is of the same order of magnitude as the decrease in mole fraction of the ‘‘ free ’’ formic 
acid (Table 3). The similar behaviour of t-butyl chloride and ethyl chloroformate supports 
the contention that the latter reacts in formic acid by an ionisation mechanism. 


TABLE 3. The change in the rate of formolysis with the mole fraction of “ free”’ formic 
acid (*H-CO,H). 








ButCl 

Cl-CO,Et, 105 (sec.~4) G ccaanai 
H,O jacana ~ — H,O 105% (sec.-1) 
%) *H-CO,H at 50° 60° 70-2° (%) *H-CO,H at 0° 
0-97 0-978 7-76 24-0 75:2) 
1-76 0-955 | dec. 7-56 | dec. — (dec. — (dec. 1-0 0-964) inn 39-8 Gee 
2-95 0-930/ 7% 7:34[ 6% A 5% — {| 7% 2-0 0-098 go, 37-0) go, 
3-74 0-912 7-34 22- 70-1 5-0 0-854 ‘0 36-6 /0 
8-90 0-800 8-22 25-2 72-4 10-0 0-770 35:3 


As the concentration of water increases above 4% (v/v), the rate gradually increases 
owing to the incursion of the bimolecular reaction which proceeds in aqueous solution. 

Similarly the addition of sodium formate produces small rate increases (Table 4), 
which are attributed to the bimolecular displacement, Cl*CO,Et + H*CO,- —» 
EtO,C-O-COH -+ Cl-, which occurs together with the solvolytic ionisation process. The 


TABLE 4. Effect of sodium formate on the rate of formolysis of ethyl and isopropyl 
chloroformate at 50°. 


ClCO,R Formate 10°k(H-CO,-) 10° (solv.) 
Compound H,O (%) (mole/!.) (mole/1.) (sec.~?) (sec.~4) 

CHES ccisccccenceses 2-78 0-0171 0-0336 9-23 7-34 

jpibiescdenmisiinietbanes 2-78 0-0196 _ 0-0336 9-46 7:34 

stavemuinieuenen 2-94 0-0209 0-1235 13-7 7-34 
jedaqubeucsseen 5-7 0-0137 0-0840 14-0 7-6 
ae 10-9 0-0286 0-0840 17-25 9-0 
CCAR RE  ccccasacenss 2-78 0-00896 0-0336 569 530 


rate increases are small compared with those observed in the corresponding reaction of 
p-nitrobenzoyl chloride. There the addition of 0-023Nn-sodium formate increased the 
initial rate of reaction in 1-4%% aqueous formic acid by approximately one-thousand fold. 
This increase is to be compared with the increase of ca. 27% for ethyl chloroformate and 
ca. 7% for isopropyl chloroformate in 2°74% aqueous formic acid on the addition of 
0-033N-sodium formate. We conclude therefore that, although added formate ions may 
participate in a bimolecular displacement reaction, at least with ethyl chloroformate, the 
solvolysis in formic acid proceeds by an ionisation process. 

8’ Crunden and Hudson, /., 1956, 501. 
® Bateman and Hughes, /., 1937, 1187. 
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It is now necessary to consider the nature of this process in more detail. Tables 1 and 
6 show that the rate increases rapidly with electron-release to the reaction centre. The 
rate ratios given in Table 1 are similar to those found for the formolysis of alkyl sulphonate 
esters,!° which are known to form carbonium ions under such conditions. The rate data, 


Rt + ChCO.- — Rt +- CO, + CI- 


f 7 


RO,CCi == RO=C=0 } Cl- ——p> RO*'CO,H -+- HCl 


Se Ni 


RO + 
CCltO:CHO RO:CCI(OH), === RO*C(OH), + CI- 
HO (IV) (II) 
RO\ , — > RO'CO,H +4- H*CO*-O"CHO 
PCO'CHO — RO,C‘O:'CHO —— 
HO’ (IV) (V) — > RO'CO.H + H:CO,H 


therefore, agree with the assumption of a rate-determining heterolysis of the alkyl-oxygen 
bond (1). 

Other mechanisms, are, however possible. Thus a rate-determining ionisation of the 
C-Cl bond may give an acylium ion (I), stabilised by conjugation with the lone-pair 
electrons of the alkoxy-oxygen atom. Since electron-release from R decreases the ionis- 
ation potential of these electrons, the conjugation energy is increased and the observed 
reactivity thus increased. An ion of this kind may behave as an acylating agent and react 
with water to give the alkyl hydrogen carbonate (III), or with formic acid to give the 
anhydride, or as an alkylating agent to give the alcohol or corresponding formate. 

Alternatively, addition of water (3) or formic acid (4) may give the diol or orthoester 
(IV), respectively, which then undergo rate-determinging ionisation to give the carbonium 
ions (II) and (VI) respectively. Although the first stage of each reaction is retarded by 
increased conjugation in the chloroformate, the second stage is assisted by electron-release 
from R. Conjugation in ions (II) and (VI) may be greater than in the corresponding 
ground states owing to the decrease in electron density on the carben atom. Substitution 
by electron-releasing groups in R may, therefore, lead to an increase in reactivity. A 
similar explanation of the ionisation mechanism of acyl chlorides has been advanced 
by Hall.3 

The intermediate (II) would eliminate a proton to give the alkyl hydrogen carbonate, 
which rapidly decomposes under acid conditions, to give alcohol and carbon dioxide.* 
Since this reaction proceeds with retention of configuration of the alcohol, this mechanism 
may be rejected because at least 95° inversion is observed during the solvolysis. Similarly 
the mixed anhydride (V) produced by preliminary addition of formic acid is known to be 
highly unstable and may decompose by several routes. Thus the typical acid-catalysed 
hydrolysis or formolysis of an anhydride would again lead to the alkyl hydrogen carbonate, 
resulting in retention of configuration of the alcohol. 

Alternatively the decomposition may be intramolecular,!* since unsymmetrical 
anhydrides of this kind have been found to decompose rapidly at room temperature in 
inert solvents. The mechanism has not been fully established, but the reactivity appears 
to be increased by electron-release in the alkyl ester group and by electron-withdrawal 


10 Winstein and Marshall, J. Amer. Chem. Soc., 1952, 74, 1120. i wi 
11 Tarbell and Longosz, J. Org. Chem., 1959, 24, 774; Tarbell and Leister, ibid., 1958, 23, 1149. 
12 Boschan, J. Amer. Chem. Soc., 1959, 81, 3341; Windholtz, J. Org. Chem., 1960, 25, 1703. 
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from the carbonyl group of the carboxylic acid. The decomposition also proceeds with 
retention of configuration,“ in agreement with the mechanism: 


9 
C vO 
~< So — > R-O-C’ + CO, 
= \p’ 
Wy \ 
Oo” YR’ 


These considerations suggest that the mixed anhydride is not formed in the solvolysis, 
leaving mechanisms (1) and (2) as the most likely. The former is preferred since Syl 
ionisation of the C-O bond of esters normally leads to a high degree of racemisation in 
formic acid. Thus experiments showed that (-+)-l-methylheptyl methanesulphonate 
gave a completely racemised formate on solvolysis in formic acid under conditions where 
the alcohol was unaffected.* This suggests that a free carbonium ion is formed in the 
solvolysis of sulphonates but not in the solvolysis of secondary chloroformates. Further 
work is in progress in an attempt to determine the nature of this reaction mechanism. 


EXPERIMENTAL 


Materials.—With the exception of ethyl chloroformate, each chloroformate was prepared 
by passing an excess of carbonyl chloride into a solution of the corresponding alcohol in dry 
ether }* cooled in acetone-carbon dioxide. The mixture was left at room temperature for 24 
hr., and the ether and hydrogen chloride were then removed under reduced pressure. The 
remaining liquid was fractionally distilled. Thus were obtained: methyl, b. p. 69—70°, n,,”! 
1-3865 (lit.,1* b. p. 71—72° n,”° 1-3868), ethyl, b. p. 94°, isopropyl, b. p. 104—105° (lit.,!® b. p. 
101—102°/745 mm.), neopentyl, b. p. 54—56°/36 mm., m,*° 1-4090 (lit.,%% m,?> 1-4073), 
and (+-)-1-methylheptyl chloroformate, {a],,2*° + 24-0° (lit.,!” [a],,)° + 23-78°) (from the alcohol, 
[a],,22* + 9-25°), same b. p. and m, as the (-h )-product, b. p. 60- ” 61° /5 mm., nm," 1-4289 (lit.,?” 
b. p. 92°/13 mm., 7,” 1-4282). 

Neopentyl alcohol was prepared by Nystrom and Brown’s method.'® 

(—)-1- -Methylheptyl formate was prepared by the action of formic acid on the (+-)-alcohol 
in the presence of zinc chloride !* and had b. p. 81°/20 mm., [a],,2° —4-16° (lit.,18 b. p. 81—82°/20 
mm., [a],,2° —4-16°). 

Formic acid (‘‘ AnalaR ”’ containing 1—2% of water) was used without further purification. 
The water content of each batch was determined by the Karl Fischer method,’ and standard 
solutions were made by adding weighed amounts of water. 

The water concentration was obtained from a calibration graph relating concentration to 
conductivity. 

Acetone (‘‘ AnalaR ’’) was left overnight with potassium carbonate. Phosphoric oxide was 
added to the decanted liquid which was then distilled with a reflux ratio of 20: 1 through a 
50-cm. column packed with Fenske helices; it had b. p. 56-5°. 

Dioxan was refluxed with n-hydrochloric acid for 8 hr. in a stream of nitrogen, then 
treated with pellets of sodium hydroxide and separated from the aqueous layer. The liquid 
was stored over sodium wire for several days and fractionally distilled from sodium (b. p. 101°). 

Products.—A flask containing formic acid (50 ml.) was immersed in a thermostat bath and 
connected to two traps immersed in acetone—carbon dioxide; the traps were connected to a 
bubbler containing N-potassium hydroxide (50 ml.) and then to one containing saturated 
barium hydroxide solution (50 ml.)._ The air in the apparatus was displaced with nitrogen 


Personal communication from Dr. R. Deitz. 


18 Wiberg and Shryne, J. Amer. Chem. Soc., 1955, 77, 2774 
14 Thiele and Dent, Annalen, 1898, 302, 269. 

18 Hamilton and Sly, J. Amer. Chem. Soc., 1925, 47, 437. 

16 Nystrom and Brown, J. Amer. Chem. Soc., 1947, 69, 2548. 
17 Hunter, J., 1924, 125, 1389. 

18 Pickard, Kenyon, and Hunter, J., 1923, 128, 10. 

Karl Fischer, Angew. Chem., 1935, 48, 394. 


19 








a = ef oo 


A. hh ne mee 


h 


ol 
20 


en 
1id 


nd 
pa 
ed 
ren 





(1961) Hydrolysis of Acid Chlorides. Part VII. 3753 


before the bubblers were connected, and then a slow stream of nitrogen was passed through for 
2hr. The concentration of the potassium hydroxide solution remained constant, showing that 
all the formic acid vapour was removed from the nitrogen stream. 

A weighed amount (1-04 g.) of isopropyl chloroformate was added to the formic acid, and 
the slow nitrogen stream continued for a sufficient time to displace the carbon dioxide formed. 
The potassium hydroxide solution was then analysed for carbonate by titration with N-sulphuric 
acid to phenolphthalein and Methyl Orange, with the following results: 98% of CO, in 6-5 hr. 
at 25°; 100% of CO, in 40 min. at 50° (99% in l hr.). The quantitative formation of carbon 
dioxide and the production of one equivalent of hydrochloric acid per mole of chloroformate 
show that the following reaction occurs quantitatively in dilute solution: Cl-CO,R + 
H-CO,H —» H-CO,R + CO, + HCI. 

Measurement of Rate Constants.—Most of the measurements were made conductimetrically 
by the method described previously.® 

(a) Solvolysis. The required solvent (50 ml.) was raised and lowered in the upper part of 
the cell several times, and then allowed to acquire the temperature of the thermostat. The 
compound to be solvolysed was added, and the cell shaken until dissolution was complete. 
The liquid was then raised into the upper part of the cell and, after several minutes for equili- 
bration, conductivity readings were taken at regular intervals. A typical experiment is 
recorded in Table 5 (R in ohms). 


TABLE 5. Solvolysis of ethyl chloroformate (0-0376N) in formic acid containing 1-76% 
of water, at 50°. 


log [Ri/ log [Re/ log [Ri/ 
¢t (min.) Rt (Ry — Reo)] #(min.)" Rk (Ri — Ro)] ¢ (min.) R (Ri — Ro)] 

0 31,160 0-0607 122 8770 0-2788 195 6686 0-4216 

65 13,290 0-1644 131 8386 0-2967 205 6508 0-4425 

83 11,460 0-1959 151 7715 0-3345 217 6327 0-4654 

91 10,780 0-2122 162 7404 0-3579 227 6186 0-4829 
101 10,080 0-2330 172 7163 0-3766 246 5940 0-5211 
112 9242 0-2377 179 7012 0-3892 256 5834 0-5416 

@ 4155 — 


ky = 7-56 X 105 sec.?. 4 = 153 min. 


For calibration, a known weight of ethyl chloroformate was weighed into the solvent and 
allowed to solvolyse to completion. The conductivity was recorded of this solution and of 
solutions derived from it by successive dilutions. In all cases the conductivity was proportional 
to the concentration over the range employed (0-005—0-05m), and the rate constants were 
calculated by assuming the reaction to be of the first order. 7 

A summary of the results obtained with several chloroformates and varying amounts of 
water in the formic acid is given in Table 6. For comparison, similar rate constants 
obtained in a solvent containing water 65% and acetone 35% (by volume) are given in Table 7. 

Reactions in the Presence of Formate or Chloride Ions.—Standard sodium hydroxide solution 
was added to formic acid of known water content, to form a known amount of sodium formate. 
The extra water added in this way is included in the total water concentration recorded in 
Tables 9 and 10. 

The experimental procedure was as for the solvolysis. The resistance of the solution 
increased as the reaction proceeded, showing that formate ions are replaced by less strongly 
conducting chloride ions. The accelerating effect of the formate ions was small, and good 
first-order plots were obtained as before. Instead of the function log, [R;,/(R,; — R.)], the 
function logy, [R;/(R. — R,)] was plotted against ¢. The validity of this method has been 
demonstrated previously,* and a typical run is given in Table 8. 

In the presence of sodium chloride, the resistance of the solution decreased, and the rate 
constant was calculated as for the solvolysis experiments. 

The salt-effect experiments for ethyl and isopropyl chloroformate are recorded in Tables 
9 and 10. 

Optical-activity Experiments.—Measurements of optical rotation were made with a Hilger 
““Microptic’’ polarimeter with a sodium lamp. The apparatus was enclosed in an air- 
thermostat (+0-1°), and the rotation could be measured within +0-01°. 
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Since the specific rotation varies with the solvent, (+-)-1-methylheptyl formate was examined 
in formic acid ({a],*° —7-92° at 20°), and in formic acid containing 10% of dioxan («,,?° —8-06° 


at 20°) to increase solubility. 


TABLE 6. Hydrolyses in formic acid. 


H,O H,O 
Cl-CO,R (m) Temp. % viv) 105% (sec.-) Cl-CO,R (Mm) Temp. (% v/v) 105% (sec.~4) 
R = Ethyl R = Methyl 
0-0314 50-0° 0-97 7-67 0-0139 50-0° 0-74 0-108 
0-0348 50-0 0-97 7-86 0-0139 50-0 0:74 0-099 
0-0376 50-0 1-76 7-56 ‘ 
0-0282 50-0 2-95 7-34 R = Neopentyl 
0-0334 50-0 3-74 7:34 0-00685 25-0 0-74 0-250 
0-0248 50-0 4-94 7°36 
0-0427 50-0 6-90 7-86 R = Isopropyl 
0-0292 50-0 8-90 8-22 0-0196 25:3 0-74 29-2 
0-0144 60-0 0-97 24-0 0-0117 33-0 0-74 71-5 
0-0208 60-0 3-74 22-8 0-0214 50-0 0-97 539 
0-0256 60-0 8-90 25-2 0-0177 49-9 2-97 530 
0-0125 70-2 0-97 75-2 0-0203 50-0 6-90 579 
0-0168 70-2 3-74 70-1 
0-0364 70-2 8-90 72-4 R = 1-Methylheptyl 
0-01075 25-0 0-74 37-2 
0-00702 33-0 0-74 95-8 
0-00507 50-0 0-74 669 


TABLE 7. Hydrolysis in water 65°%, and acetone 35% (v/v) at 50°. 


NEE wis ciinisins oh ceeaknsbancssesnedincede Me Et Pe 
II nn csacialitielipnioncacseiabiion 00102 00100 0-0189 
SPIE Ge Pilea caseuncesiubhdesdeevssuncesengers 242 109 760 


TABLE 8. Hydrolysis of ethyl chloroformate (0-0171m) in formic acid containing sodium 
formate (0-0336m) and water (2-78°%, v/v) at 50-0°. 


105k 105k 
¢ (min.) R, logyo [Ri/(Rao — R,)] (sec.~4) ? (min.) R logio [Rt/(Rao — Rt)] (sec.7}) 
0 3070-0 0-7024 — 150 3395-0 1-0755 9-53 
18 3121-5 0-7482 9-76 263 3522-0 1-3502 9-45 
20 3126-5 0-7528 9-67 297 3547-0 1-4281 9-38 
42 3187-0 0-8116 9-98 321 3562-5 1-4829 9-33 
57 3223-0 0-8482 9-82 341 3573-5 1-5276 9-29 
89 3292-0 0-9284 9-74 372 3589-5 1-6010 9-27 

100 3313-0 0-9557 9-72 a) 3679-5 -— — 

120 3350-0 1-0060 9-71 
k (obtained graphically) = 9-23 x 10-5 sec.-1. #4 = 125 min. 


TABLE 9. Salt effect for ethyl chloroformate at 50°. 


Cl-CO,Et H,O 105k, Cl-CO,Et H,O 10°, 

(m) Salt (N) (% viv)  (sec.~) (mM) Salt (Nn) (% v/v) (sec.~*) 
0-0354 0-051 NaCl 0-74 6-94 0-0209 0-1235 H-CO,Na 2-94 13-7 
0-0171 0-0336 H-CO,Na 2-78 9-23 00137 0-0840 ‘a 5-90 14-0 

00196 0-0336 - 2-78 9-46 00286 0-0840 ae 10-9 17-25 


TABLE 10. Salt effect for isopropyl chloroformate at 49-9°. 


Cl-CO,Pr! (m) Salt (x) H,O (% v/v) 105k (sec.~}) 
0-0231 0-051 NaCl 0-74 557 
0-0131 0-102 ,, 0-74 525 
0-00896 0-0336 H-CO,Na 2-78 569 


(i) Esterification of (+-)-l-methylheptanol in formic acid. (a) A solution of the alcohol 
(3-198 g.) in 98% formic acid (100 ml.) at 21° gave a constant rotation of —0-16° + 0-01° 
(0-5 dm. tube) within 1 hr. Complete conversion into the formate being assumed, the specific 
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rotation of the formate is [a],21 —8-2° + 0-5°, in agreement with the values obtained after 
solvolysis (Table 11). 


TABLE 11. Final values for reaction of ethyl chloroformate with formic acid. 


Temp. Chloroformate (%) Formate (%) Tube (dm.) o [a]p 
17-5° 1-60 1-31 + +0-46° +8-8° 
22-5 2-06 1-69 2 +0-27 +8-0 


(b) A 0-014M-solution of acetyl chloride in 98% formic acid was kept for a few minutes to 
allow complete solvolysis to take place. The alcohol (6-16 g.) was added to this solution (100 
ml.), and the final rotation of —1-25° + 0-01° (2 dm. tube) was measured. This gives [a],,™ 
—8-4° + 0-1° for the formate, showing that hydrochloric acid has no effect on the esterification. 

(c) The esterification was repeated in a mixture of 90% of formic acid (98%) and 10% of 
dioxan (v/v), 0-046m in hydrochloric acid produced from acetyl chloride as described above. 
A 9-84% solution of the alcohol gave a constant rotation of —1-60° + 0-01° (2 dm. tube). If 
conversion is complete, the formate has [a],24 —8-1° + 0-05° (cf. [«],* —7-90° for this formate 
in formic acid). 

(ii) Inversion of (+-)-l-methylheptyl chloroformate in formic acid. A 1-36% solution of the 
chloroformate in formic acid (98%) at 21° gave a final constant reading of +0-19° + 0-01° ina 
2dm. tube. If the reaction Cl-CO-OC,H,, + H-CO,H —» H-CO-OC,H,, + HCl + CO, goes 
to completion, the specific rotation of the formate is calculated to be [aJ,24 +8-5° + 0-4° 
(cf. [a],,2° —8-1° for this formate in formic acid). 

In the following experiments the change in specific rotation with time was measured, and by 
assuming complete conversion of the chloroformate into formate, the rate constant for the 
solvolysis was obtained. The final rotations and specific rotations, calculated on the basis of 
complete conversion, are recorded in Table 11. The mean value of [a], +8-4° + 0-4° indicates 
that (+)-1-methylheptyl chloroformate is converted almost entirely into (—)-1-methylheptyl 
formate. In Table 12 typical data for a kinetic measurement are recorded. 


TABLE 12. Rate of hydrolysis of (+-)-1-methylheptyl chloroformate (0-0832m) in formic 
acid containing 10°, of dioxan and 0-74°%, of water at 17-5°. 


1 +- logy [at<e/ 1 + loge [et0o / 1 + loge [et00/ 
¢ (min.) Xt (a, — ao) ] t (min.) oe (a, — Geo) ¢ (min.) a (a — &oo)] 
0 _— 135 +-0-96° 0:9638 253 +0-75° 1-2014 
34 + 1-23° 0-7767 150 +0-92 1-0000 286 +0-71 1-2648 
64 +1-14 0-8306 175 +0-86 1-0607 330 + 0-67 1-3404 
75 +1-10 0-8567 217 +0-79 1-1430 a) -+-0-46 — 
109 +1-03 * 0-9074 


4 dcm. polarimeter tube; & = 7-49 x 10° sec.-!. The rate constant, k,, was calculated from the 
first-order rate equation, log{aa/(a, — a«o)} = ,t/2-303 + constant, where «is the observed rotation at 
time ¢ and ao is the final rotation. 


The rate constants for several similar experiments are recorded in Table 3. The water 
content was 0-74%, reference being to that of the formic acid, not of the dioxan—formic acid 
mixture. 


TABLE 13. Various rate constants (see text). 


Cs CD vscccccccscceseconece 0-00948 0-0832 0-1195 0-1070 

TOMI. vavccesscsssrevcstcssisccsesesensece 25° 17-5° 17-5° 22-5° 

BP CORES). occesiintis cin ceccedigee 20-8 * 7-49 7-29 16-4 
* Conductimetric estimation. 
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729. Radiation Chemistry of Carbohydrates. Part VII.1 Action of 
y-Radiation on Aqueous Solutions of D-Sorbitol in Oxygen. 


By G. O. PuiLiips and W. J. CRIDDLE. 


Paper-chromatographic and radioactive-tracer methods reveal that when 
p-sorbitol solutions are irradiated in oxygen with ®Co y-radiation, the 
primary alcohol groups are preferentially oxidised. The primary products 
are D-glucose and t-gulose, each formed with initial G 1-2. D-Sorbitol is 
degraded with initial —G 3-5. p-Arabinose, L-xylose, formaldehyde, formic 
acid, and two- and three-carbon aldehydic fragments are formed by secondary 
processes. It is probable that acid is directly formed, with initial G 0-3. 
Changes in absorption spectra and the formation of hydrogen peroxide have 
also been measured. 


THERE is evidence from the irradiation of aqueous hexose and D-mannitol solutions that 
the CH,*OH group is more susceptible to attack by free radicals formed during primary 
radiolysis of water than are the normal secondary alcohol groups in the molecule. In a 
preliminary survey,® it was reported that when D-sorbitol is irradiated in oxygenated 
solution, D-glucose and L-gulose are the primary products. Similar results have since 
been reported by Wolfram ef al. who irradiated concentrated aqueous solutions of 
p-sorbitol. In this paper, the action of y-radiation on aqueous oxygenated solutions of 
p-sorbitol is described in detail, with particular attention given to the nature of the primary 
degradation processes. 


RESULTS AND EXPERIMENTAL 


Details of the *°Co source used for all irradiations, dosimetric and analytical techniques have 
been given in previous papers in this series. The dose rates employed were 1-45 x 10%” ev 
min.~? ml.~! in the large cell (100 ml.) and 1-0 x 10!7 ev min. ml. in the small cell (30 ml.). 

Chromatographic Analysis of Irradiated Solutions.—A solution (100 ml.) of D-sorbitol (5-50 
millimoles) was irradiated to a total energy input of 7-0 x 10%? ev, and chromatographed on 
paper with two irrigants. The organic constituents detected by sprays of p-anisidine are 
shown in Table 1. 


TABLE 1. Constituents in irradiated solutions of D-sorbitol. 
(b) Ethyl methyl ketone-acetic acid— 


(a) Butan-l-ol-acetic acid—water (4: 1 : 5) saturated boric acid (9: 1: 1) 
Autoradio- 
graph Colour Ry Product Colour Re Product 
IV Brown 0-18 Glucose and p-sorbitol Brown 1-0 Glucose 
Vv Brown 0-22 Gulose Brown 1-3 Gulose 
VI Pink 0-24 Arabinose Pink 1:3 Arabinose 
Vil Pink 0-27 Xylose . Pink 1-9 Xylose and p-sorbitol 


A solution (100 ml.) of p-[C]sorbitol (5-50 millimoles; ca. 25 uc) was irradiated to a total 
energy input of 6-1 x 102 ev. After chromatography in butan-l-ol-acetic acid—water 
(4: 1:5), an autoradiograph was prepared and scanned with a Hilger photoelectric densito- 
meter. Fig. 1 shows the intensities of the spots, giving a measure of the “C concentration 
along the paper chromatogram. The constituents I, II, and III were not detected with 
p-anisidine at low energy inputs. At high energy inputs, constituent III gave a pink colour 
with p-anisidine. 


1 Part VI, J., 1960, 3404. In that paper the following errors are to be noted: p. 3405, line 8, for 
[1-14C)mannose read [*4C])mannose; p. 3408, line 2, for p-[1-!4C}mannose read p-[14C]mannose; p. 3411, 
lines 3 and 6, for 44C read 1-'*C; p. 8406, Fig. 8, the scale for rate of formation of carbon dioxide is 10*° 
molecules. 

* Phillips, Nature, 1954, 178, 1044; Phillips, Moody, and Mattok, J., 1958, 3522. 

* Phillips, Moody, and Mattok, Proc. 2nd Conf. Peaceful Uses of Atomic Energy, 1958, Vol. XXIX, 

. 92. 
* Wolfram, Binkley, Shen Han, and Michelakis, Radiation Res., 1959, 10, 37. 
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Treatment of the irradiated p-sorbitol with phenylhydrazine and glacial acetic acid gave a 
mixture of osazones which were separated by circular paper chromatography.' The following 
constituents were detected: Ry 0-40, glucosazone; Ry 0-42, possibly due to gulosazone, but no 
control sample was available for confirmation; Ry 0-45, arabinosazone; and Rp 0-48, 
xylosazone. 

Formic acid was detected in the irradiated solution as follows. The irradiated solution was 
distilled in vacuo. The distillate, collected in a receiver cooled in liquid air, was treated with an 
excess of aqueous ammonia and concentrated. The resultant solid was chromatographed in 
95% ethanol—concentrated aqueous ammonia * (100: 1); and spraying with Bromocresol Green 
in absolute alcohol? revealed a blue spot on a yellow background, with Rg» 0-31, due to ammonium 
formate. 

Acid Formation.—Volatile acid. After distillation of the irradiated solution im vacuo, 
formic acid was estimated in the distillate by direct titration with 0-01N-barium hydroxide, 
The rate of formation of volatile acid is shown in Fig. 2. 


Fic. 2. Formation, during irradiation of v- 
sorbitol solutions in oxygen, of (A) total and 

Fic. 1. Density of spots on autoradiograph, giving a (B) volatile acid. 
measure of 4C concentration along the paper chrom- 
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Total acid. The rate of formation of acid in the irradiated solutiom was measured by direct 
titration with barium hydroxide (phenolphthalein) and potentiometrically. Both methods 
indicate initial G 0-3 for acid, if the acid is assumed to be monobasic. The results are shown 
in Fig. 2. 

Formation of Hydrogen Peroxide.—The rate of production of hydrogen peroxide was measured 
with titanium sulphate reagent ®§ and is shown in Table 2. Initial G(H,O,) is 2-9; after the 


irradiation there was a decrease in hydrogen peroxide concentration at the rate of 4 x 10% 
molecules ml.? min.*. 


TABLE 2. Formation of hydrogen peroxide during the irradiation of oxygenated 
D-sorbitol solutions. 


Done (10% ev mak.n8)  ....ccccssscccssccsse 0-42 0-84 1-27 2- 
H,O, (10!7 molecules ml.~}) ............ 1-23 2-46 3°33 4: 


37 5-0 
0 


ll 
7 12-0 


~10 
10 


4- 
9- 


Ultraviolet Absorption Spectra.—The ultraviolet absorption spectrum of a solution (100 ml.) 
of p-sorbitol (5-5 millimoles) which had absorbed an energy input of 8-1 x 10% ev is shown in 


5 Barry and Mitchell, J., 1954, 4020. 
* Kennedy and Barker, Analyt. Chem., 1951, 23, 1033. 


7 Block, Durrum, and Zweig, ‘‘ Paper Chromatography and Paper Electrophoresis,” Academic 
Press, New York, 1955, p. 160. 


8 Eisenberg, Ind. Eng, Chem., Analyt., 1943, 15, 327. 














3758 Phillips and Criddle: 


Fig. 3. The absorption maximum at 275 my is not affected by the addition of potassium 
hydrogen carbonate. The rate of increase in ultraviolet absorption at 275 my with energy 
input is given in Table 3. At energy inputs of ~5 x 10%8 ev, no characteristic absorption 
maximum was observed. 


TABLE 3. Increase in ultraviolet absorption at 275 mu during irradiation of aqueous 
D-sorbitol solutions. 


Optical density (275 my) ...... 0-15 0-16 0-21 0-38 0-85 1-80 
Dose (10° ev ml.~1) ............ 0 1-5 5-7 8-1 12-0 19-6 


Formation of Carbon Dioxide.—Carbon dioxide liberated during irradiation was trapped in 
barium hydroxide solution and estimated gravimetrically. The rate of formation with energy 
input is shown in Table 4. 


TABLE 4. Formation of carbon dioxide during irradiation of D-sorbitol solutions (100 ml.). 


Energy input (10? ev) ............ 1-7 53 9-7 13-7 17-5 20-0 
Carbon dioxide (10° molecules) 0-2 0-3 0-5 1-5 5-5 8-0 


Polymer Formation.—Since we have observed the formation of a polymer during irradiation 
of p-sorbitol solutions im vacuo, a rigorous search was made to detect any polymer which may 
have been formed under oxygenated conditions. The irradiated solution (total energy input 
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Fic. 3. Ultraviolet spectra of irradiated D-sorbitol solutions 
(100 ml.). (A) D-Sorbitol after energy input of 8-1 x 10 
ev. (B) Unirradiated p-sorbitol. 
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12 x 10%? ev) was dialysed against running water, and the solution remaining was freeze-dried. 
No residue was obtained. Additional evidence for the absence of polymer came from the 
observation that for paper chromatograms of D-[!*C]sorbitol solutions irradiated in oxygen, 
no radioactivity was retained on the starting line. Jn vacuo, polymer was detected by both 
these methods, as described in the following paper. Therefore, it is concluded that no polymer 
is formed in oxygen. 

Estimation of Products by Isotope Dilution Analysis.—A solution (100 ml.) of D-sorbitol 
(5-50 millimoles) containing sufficient pD-[/*C]sorbitol to give a specific activity of 3-8 wc/milli- 
mole was irradiated to a total energy input of 6-1 x 10° ev. Isotope dilution analysis was 
used to estimate unchanged p-sorbitol and the products of irradiation. A typical estimation 
is described below. 

p-Sorbitol. The irradiated solution (5 ml.) was freeze-dried and rigorously dried in vacuo 
over phosphorus pentoxide. Carrier D-sorbitol (0-48 millimoles), anhydrous sodium acetate 
(0-2 g.), and freshly distilled acetic anhydride (1 ml.) were added and the mixture was refluxed 
for 30 min. The solid which separated on addition of ice-cold water (15 ml.) was recrystallised 
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8 times from ethanol to give pure hexa-O-acetyl-p-sorbitol, m. p. 99°, constant spec. activity 
0-52 wc/millimole. 

D-Glucose. (a). As penta-O-acetate. The irradiated solution (5-0 ml.) was freeze-dried, 
further dried as above, and treated with carrier D-glucose (0-54 mmole), anhydrous sodium acetate 
(0-2 g.), and acetic anhydride (1 ml.). The mixture was heated at 100° for 1 hr. and poured 
into ice-cold water (15 ml.). The solid which separated was recrystallised seven times from 
ethanol, to give pure penta-O-acetyl-8-p-glucose, m. p. 131°, constant spec. activity 0-27 
C/millimole. 

(6) As D-glucosazone. The irradiated solution (5-0 ml.) was heated with carrier p-glucose 
(1-0 millimole), glacial acetic acid (1 ml.), and phenylhydrazine (1-5 ml.) at 100° for 20 min. 
The solid which separated was recrystallised seven times from ethanol, to give pure p-glucos- 
azone, m. p. 199°, constant spec. activity 0-14 uc/millimole. 

L-Xylose. The irradiated solution (5-0 ml.) was freeze-dried, dried as above, and heated 


TABLE 5. Products when aqueous D-sorbitol is irradiated with y-radiation in oxygen. 
q Y ‘VE 
(a) Initial p-sorbitol, 5-5 millimoles. Energy input 6-1 x 10®* ev (vol. 100 ml.). 


p-Glucose 
Product D-Sorbitol a b p-Arabinose L-Xylose D-Xylose 
Carrier (millimoles) 0-48 0-54 1-00 1-00 0-36 0-96 
Spec. activity (uc/ 
millimole) ......... 0-52 0-27 0-14 0-09 0-23 -- 
Yield (millimoles) ... 1-58 0-82 0-84 0-50 0-51 — 
Gluconic Glucuronic Two-carbon Three-carbon Oxalic Formalde- 
Product acid acid fragments fragments acid hyde 
Carrier (millimoles) 1-02 0-54 1-05 1-00 2-00 0-13 
Spec. activity (pc/ 
millimole) ......... 0-04 0-03 0-006 0-002 0-002 0-16 
Yield (millimoles) ... 0-11 0-08 0-09 0-024 0-66 0-70 


Formic acid determined as volatile acid by titration, 0-06 millimole. Carbon dioxide determined 
gravimetrically, 0-02 millimole. 
a, As penta-O-acetate. 0, As glucosazone. 


(b) Initial p-sorbitol 5-53 millimoles. Energy input 12-0 x 108 ev (vol. 100 ml.). 


Gluconic 
Product D-Sorbitol p-Glucose p-Arabinose 1L-Xylose D-Xylose acid 
Carrier (millimoles) 1-10 1-00¢ 1-03 1-01 1-05 1-01 
Spec. activity (uc/ 
millimole) ......... 0-16 0-12 0-065 0-065 - 0-08 
Yield (millimoles) ... 0-96 0-62 0-42 0-41 - 0-21 
Glucuronic Two-carbon Three-carbon Oxalic 
Product acid fragments fragments ‘acid Formaldehyde 
Carrier (millimoles) 1-00 1-13 0-97 1-93 0-133 
Spec. activity (uc/ 
millimole) ......... 0-033 0-006 0-003 0-003 0-20 
Yield (millimoles) ... 0-18 0-10 0-028 0-098 1-04 


Formic acid determined as volatile acid by titration, 0-15 millimole. Carbon dioxide determined 
gravimetrically, 0-04 millimole. 


(c) Initial p-sorbitol 5-56 millimoles. Energy input 20-0 x 10% ev (vol. 100 ml.). 


Gluconic 
Product D-Sorbitol D-Glucose p-Arabinose  1L-Xylose D-Xylose acid 
Carrier (millimoles) 1-00 1-03 ¢ 0-95 0-99 1-13 1-00 
Spec. activity (uc/ ’ 
millimole) ......... 0-06 0-06 0-036 0-039 -- 0-11 
Yield (millimoles) ... 0-37 0-38 0-23 0-26 -~ 0-28 
Glucuronic Two-carbon Three-carbon Oxalic 
Product acid fragments fragments acid Formaldehyde 
Carrier (millimoles) 1-02 0-97 1-00 2-00 0-133 
Spec. activity (pc/ 
millimole) ......... 0-08 0-008 0-003 0-009 0-13 
Yield (millimoles) ... 0-22 0-14 0-034 0-26 0-62 


Formic acid determined as volatile acid by titration, 0-23 millimole. Carbon dioxide determined 
gravimetrically, 0-50 millimole. 
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with carrier L-xylose (0-36 millimole), anhydrous sodium acetate (0-2 g.), and acetic anhydride 
(1 ml.) at 100° for lL hr. It was necessary to recrystallise the solid which separated on addition 
of crushed ice (15 g.) eight times from ethanol to give pure tetra-O-acetyl-8-L-xylose, m. p. 126°, 
constant spec. activity 0-23 uc/millimole. 

p-Xylose. By the procedure described for L-xylose, inactive tetra-O-acetyl-8-D-xylose was 
obtained after addition of D-xylose as carrier. 

p-Arabinose, D-glucuronic acid, D-gluconic acid, two- and three-carbon aldehydic fragments, 
oxalic acid, and formaldehyde were estimated as described previously. The results for the 
above estimation, and for two further isotope dilution estimations after energy inputs of 12-0 x 
1072 and 20-0 x 102 ev, are shown in Table 5. 
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Fic. 4. Rate of formation of (B) pentose and 
(C) hexose during irradiation of oxygenated 
p-sorbitol solutions (100 ml.), determined 
by paper chromatography. A = Sorbitol 
(x 107%). 
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Rate of Formation of Products—Accurately known amounts (0-05 ml.) of oxygenated 
p-(C)}sorbitol (5-56 millimoles; ca. 25 uc) solution (100 ml.) which had been irradiated to 
progressively increasing doses were chromatographed in butan-l-ol—acetic acid—water and 
ethyl methyl ketone-saturated boric acid—acetic acid. In the former solvent it is possible to 
isolate gulose, arabinose, and xylose as discrete spots; in the latter, glucose, gulose, and 
arabinose. Therefore, by measuring the radioactiyity of the spots at varying doses in the two 
solvents, the yield—dose curves for D-glucose, L-gulose, L-xylose, and p-arabinose were obtained 
(Fig. 4). The rate of disappearance of p-sorbitol was also measured. 

In order that the accuracy of the yield—dose curves obtained from measurements on paper 
chromatograms could be verified and initial G values accurately determined, a hexose and a 
pentose were determined directly by isotope dilution analysis as described above at three low 
energy inputs. Individual samples of p-sorbitol (1-62 millimoles) in water (30 ml.) were 
irradiated to doses of 4-8, 12-6, and 16-8 x 10!* ev/ml., and p-sorbitol, p-glucose, and p-arabin- 
ose were estimated at each dose. The results are shown in Fig. 5, together with the relevant 
isotope dilution yields previously given in Table 5. From the yield—dose curves —G(p-sorbitol) 
is 3-5 and initial G(p-glucose) 1-2. From paper chromatography initial G(hexose) is 1-1. 
The yield—dose curves support the view that pentoses are formed by secondary processes. 
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DISCUSSION 


The results indicate that the degradation of D-sorbitol when irradiated in oxygenated 
solution is more specific than the degradation of hexoses under comparable conditions.” 
A similar specific attack on D-mannitol was previously noted.2 Paper chromatography 
reveals four main degradation products, namely, glucose, gulose, arabinose, and xylose. 
Isotope dilution analysis demonstrates that the stereochemical forms present are D-glucose, 
p-arabinose, and L-xylose. On configurational grounds, therefore, it is probable that 
gulose is present as the L-isomer. Oxidation of the primary alcohol group at one extremity 
of the molecule leads to D-glucose, and at the opposite end to L-gulose. Similar con- 
siderations apply to pentose formation. Simultaneously, formaldehyde was detected by 
isotope dilution analysis. Thus the degradation occurs as illustrated. 


CH,"OH CHO CH,*OH 
H+C-OH “H+C-OH “H-C-OH 
a HO-C—H HO-C-H 
dione Sent H-C—OH + H-C—-OH 
me Pe H-< ON H—-C—OH 
D-Sorbitol D-Glucose L-Gulose 
' 
CHO CH,*OH 
HO-C—H H—-C—OH 
i oe HO-C—-H 
me os H-—C-—OH 
CH,*°OH CHO 
D-Arabinose L-Xylose 


From paper chromatographic evidence, Wolfram ef al.4 concluded that a similar 
degradation pattern occurs in a 50° aqueous D-sorbitol solution when exposed to cathode 
rays at doses ranging from 20 to 100 Mrep at ethanol-solid carbon dioxide temperatures. 

Autoradiography indicates the presence of constituents (I, II, III) which are not 
detectable with p-anisidine at low energy inputs. These are probably non-reducing acids, 
but have not been identified with certainty. At high energy inputs the presence of a 
constituent giving a pink colour with f-anisidine was noted and this may be glucuronic 
acid, formed by secondary attack on glucose. Constituent III and glucuronic acid (pink 
spot) run identically. Support for the presence of glucuronic acid is provided by the slow 
formation of this acid indicated by isotope dilution analysis (Table 5), and the analogous 
formation of mannuronic acid at high doses, noted by Wolfram and his co-workers * during 
the irradiation of D-mannitol solutions. ’ 

The form of the yield—dose curves (Figs. 4 and 5) enables primary and secondary 
processes to be identified. D-Glucose and L-gulose are formed at identical rates (Fig. 4), 
and the appreciable initial rate of formation indicates that they are primary products. 
There is good agreement between the initial G values obtained by paper chromatography 
and isotope dilution; the former method gives initial G 1-1 and the latter 1-2 for individual 
hexose formation. At higher doses degradation of the hexoses occurs, and this appears to 
be related to pentose formation (Figs. 4 and 5). Although p-arabinose and L-xylose are 
not formed initially, the rate of formation rises sharply at doses where considerable 
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degradation of the hexoses occurs. Previously it was observed that during the irradiation 
of D-glucose * and p-mannose,® arabinose is formed by primary and secondary processes. 
For hexose irradiations, after a slow initial formation of arabinose, the yield—dose curves 
rise sharply at higher energy input in a similar manner to Figs. 4 and 5. Thus it is probable 
that during the irradiation of D-sorbitol, D-arabinose and L-xylose are formed solely by 
secondary degradation of D-glucose and L-gulose. Similar considerations make it probable 
that formaldehyde, which is related to pentose formation during the irradiation of 
mannose,” is also a secondary product. Formic acid may arise subsequently. One 
difficulty should be noted, however, which is common to all products formed initially at 
very low rates. Fig. 5 shows the yield—dose curves for two- and three-carbon aldehydic 
fragments. At doses less than ca. 1:5 x 10” ev/ml. it is not possible to estimate these 
products accurately because of their low concentration. It is difficult, therefore, to be 
certain on the evidence available, whether these fragments arise by primary or secondary 
processes. On balance, however, some primary chain scission appears probable to account 
for the difference between initial G(hexoses) 2-2—2-4 and the initial rate of disappearance 
of p-sorbitol (—G 3-5). A similar difficulty exists with regard to acid formation. The 
rate of formation of gluconic acid is greater than that of the two- and three-carbon frag- 
ments and, if a linear rate of formation is assumed, initial G for gluconic acid formation is 
0-14. To obtain more precise information about initial formation of gluconic and gulonic 
acid, the rate of acid formation with energy input was examined by normal titration 
methods and potentiometrically. The two methods indicate an initial G for total acid 
of 0-3, which is in agreement with isotope dilution results if D-gluconic and L-gulonic are 
the main acids formed initially. A fall in pH may be detected with the relatively low dose 
of 0-8 x 10% ev/ml. and a slow primary formation of acid, therefore, appears probable. 

The absorption spectra of irradiated p-sorbitol solutions show a general similarity to 
the spectra of irradiated hexose solutions. The rate of increase in ultraviolet absorption 
with energy input (Table 3) demonstrates that the products responsible for the characteristic 
maximum at ca. 270 my are not formed in appreciable quantity until a dose of ca. 8 x 107° 
ev/ml. is absorbed. Secondary products, therefore, are responsible for the ultraviolet 
absorption, and are probably formed by degradation of the initially formed hexoses. 
Among the last of the products to be formed in quantity is carbon dioxide (Table 4), for 
which the rate of formation increases sharply at ca. 12 x 10° ev/ml. 

The results of this investigation, therefore, confirm previous observations for D- 
mannitol 24 and hexose irradiations ® that primary alcohol groups are more susceptible 
to attack than normal secondary alcohol groups. The degradation of D-sorbitol in aqueous 
solution may be summarised: R*CH,,OH —» R:CHO —» secondary products. A 
similar path was observed for primary aliphatic alcohols when irradiated in solution.” 
There are also indications from the results that the process, R-CH,,OH —» R:CO,H, 
may occur directly without intermediate formation of the aldehyde. It is possible that a 
small amount of ring scission occurs by primary processes. The initial rate of 
disappearance of D-sorbitol (G 3-5) is in good agreement with values previously reported for 
the rate of degradation of sugars on irradiation in aqueous solution.2»%1 
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730. Radiation Chemistry of Carbohydrates. Part VIII. Action 
of y-Radiation on Deaerated Solutions of v-Sorbitol. 


By G. O. PHILLips and W. J. CRIDDLE. 


p-Glucose, L-gulose, D-arabinose, L-xylose, two-, three-, and four-carbon 
aldehydic fragments, and gluconic acid were identified and estimated by 
paper-chromatographic and _ radioactive-tracer methods in deaerated 
solutions of D-sorbitol after y-irradiation. The gas released during irradiation 
is mainly hydrogen at low doses, but at higher doses carbon dioxide and 
carbon monoxide are also produced. After prolonged irradiation a polymer 
was isolated, and attempts have been made to elucidate the nature of the 
initial dimerisation which leads to polymer formation. 

The following primary degradation processes have been distinguished 
from the yield—dose curves of the main products: (a) oxidation at the 
primary alcohol groups to give the corresponding hexoses, (b) scission of the 
molecule between C,,) and Cig) and between Cy) and C,,) to give two- and four- 
carbon aldehydic fragments, and (c) dimerisation of radicals of the type 
R:CH(OH): produced by hydrogen abstraction at the primary alcohol 
groups. Hexonic acids, pentoses, and polymer are formed by secondary 
processes. 

Changes in acidity, ultraviolet absorption spectra, and formation of 
hydrogen peroxide were also measured. 


PREVIOUS papers in this series have considered the effect of ionising radiations on 
oxygenated solutions of carbohydrates. Throughout the investigations dilute solutions 
were used, and the energy of the radiation was absorbed almost exclusively by the water. 
Therefore chemical changes are initiated by the reactive species produced during primary 
radiolysis of the water. Ionisation and excitation of the water molecule through the 
agency of y-radiation leads to the formation of hydrogen atoms and hydroxyl radicals.” 
In oxygen the initial step, H,JO-~»H-+ OH, is followed by H + O,—» HO,. 
Secondary reactions may also be initiated in oxygen as a result of peroxy-radical formation 
with sugar radicals formed by initial abstraction processes: R: + O,—» RO,*. Thus, 
in the absence of oxygen, chemical changes observed during irradiation of dilute carbo- 
hydrate solutions are initiated in the main by hydrogen atoms and hydroxy] radicals only, 
and may be expected to provide a simpler system for mechanistic studies. The nature 
of the chemical changes may therefore be considerably modified by presence of oxygen. 
This study of the effects of y-radiation on evacuated D-sorbitol solutions, following out work 
on the corresponding oxygenating system,! is an attempt to evaluate the influence of 
oxygen on the chemical changes and mechanism of the degradation. In both investigations 
conditions have been maintained strictly oxygenated or evacuated throughout any 
particular irradiation. This factor is emphasised since investigations have been carried 
out utilising air-equilibrated solutions at doses which probably lead to oxygen depletion 
during the irradiation.* These conditions, therefore, provide neither an oxygenated nor 
an evacuated system and may be difficult to reproduce. As far as we are aware, no 
previous study of the effect of ionising radiation on evacuated pD-sorbkitol solutions has been 
reported. 
RESULTS AND EXPERIMENTAL 

The ®Co source and experimental techniques are similar to those described previously. 
The dose rates employed were 1-0 and 1-66 x 10! ev min. ml. in the small cells (50 ml.) and 
1-54 x 10!7 ev min.! ml.? for the large cell (100 ml.)._ Before irradiation, the solutions were 

Part VII, preceding paper. 
Dainton, Radiation Res., 1951, Suppl. 1, 1. 
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§ Bothner-by and Balazs, Radiation Res., 1957, 6, 302. 
‘ Phillips, Moody, and Mattok, /., 1958, 3522. 
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evacuated by repeated pumping of the solutions directly and sealing the evacuated cells. The 
freeze-pump technique was also employed, but no differences were observed in the results of 
the two methods. To the large cell, a long curved arm was attached to which a number of 
sampling tubes were sealed. By using this modified cell it was possible to fill individual 
sampling tubes with irradiated solution at successively increasing doses without releasing the 
internal pressure of the cell and introducing oxygen. The individual sampling tubes containing 
irradiated solution were removed by sealing them under the vacuum. 


TABLE 1. Constituents present in D-sorbitol solutions irradiated in vacuo. 
(a) Butan-1-ol-acetic acid—water. 


Autoradiographs IV V VI Vil VII 
DE saasceehunriabceins 0-18 0-21 0-24 0-28 0-43 
RIE ccnniiccanmneinents Brown Brown Pink Pink Yellow 
eal Glucose Gulose Arabinose Xylose Tetroses 
Constituent ........... { ‘ > A . 

-+- p-sorbitol 


(b) Ethyl methyl ketone~saturated boric acid—acetic acid. 


Reg 1-0 1:3 1-5 1-9 2-4 
I sich ccneinaneininn Brown Brown Pink Pink Yellow 
. : . ee aN Xylose Tetroses 
Constituent ......... Glucose Gulose Arabinose { + p-sorbitol 


. . y Sa Fic.2. Acid formation during irradiation 
Fic. 1. Density of spots on autoradiograph, giving a of deaerated solutions of p-sorbitol. 
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R, A, Volatile acid. B, Non-volatile acid. 
C, Total acid. 


Chromatographic Analysis of the Irradiated Solution—A solution of D-sorbitol (5-49 milli- 
moles) in water (100 ml.) was evacuated and irradiated to a total energy input of 7:2 x 1072 ev 
and chromatographed in butan-l-ol acetic acid—water (4:1:5) and ethyl methyl ketone— 
saturated boric acid—acetic acid (9:1:1). The organic constituents detected in the irra- 
diated solutions are shown in Table 1. : 

The presence of formic acid in the irradiated solution was detected as described in the 
previous paper. The distillate from the irradiated solution was treated with aqueous ammcnia 
and ammonium formate and identified by paper chromatography with the irrigant 95% 
ethanol—concentrated aqueous ammonia (100: 1). 

A solution (100 ml.) of D-sorbitol (5-5 millimoles) containing ca. 25 uc of p-[!4C]sorbitol was 
irradiated to a total energy input of 8-4 x 10% ev. After chromatography in butan-1l-ol- 
acetic acid—water, the autoradiograph was scanned with a Hilger photoelectric densitometer, 
and Fig. 1 shows the relative concentration of “C along the paper chromatogram. Con- 
stituents I, II, and III were not detected with p-anisidine, and are therefore non-reducing. 
Acid Formation.—The formation of total acid, volatile acid, and non-volatile acid with 





OO = mh Pm CY 
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increasing dose is shown in Fig. 2. Volatile acid was estimated in the distillate after distillation 
of the irradiated solution at reduced pressure, and the non-volatile acid in the remainder. 
Titrations were carried out potentiometrically. 

Absorption Spectra of Irradiated Solutions.—The ultraviolet absorption spectrum of a 
solution of p-sorbitol (5 x 10-m) before and after irradiation to an energy input of 7-2 x 102 


TABLE 2. Formation of hydrogen peroxide during the irradiation of evacuated D-sorbitol 


solutions. 
Dose (10** ev ml."2)  ........000. 0-4 1-0 1-5 2-0 2-5 3-4 4-4 5-0 
H,O, (101? molecules ml.~!) .... 0-25 0-4 0-55 0-9 1-0 1-25 1-7 1-9 


ev is shown in Fig. 3. It shows a characteristic absorption at 265 my, which is modified in 
position and intensity by the addition of acid and alkali. 

Formation of Hydrogen Peroxide.—The rate of formation of hydrogen peroxide is shown in 
Table 2. Initial G(H,O,) is 0-3—0-4. 


Fic. 3. Ultraviolet absorption spectra of: (A) un- 
ivvadiated D-sorbitol; (B) polymer formed during 
ivvadiation in H,O; (C) as (B) but with added 
KHCO,; (D) D-sorbitol after energy input of 7-2 x 
1072 ev (100 ml.); (E) as (D) but with added acid; 
(F) as (D) but with added KHCO,. 

















Fic. 4. Separation of irradiation products on a 
charcoal—Celite column. 
0's 
600 l 
¢ I 
0°6 € 400+ 
wn 
\Fl 2 : 
© 
0-4 3 200+ 
N E x 
D Oo 750 ISO0O =2250S_ 3000 
0:2 Volume eluant (mi.) 
Cc 
B 
A 
| 1 1 i 











220 240 260 280 300 ‘ 
Wavelength (my ) 


Gaseous Products.—Three solutions of p-sorbitol, each containing 1-37 millimoles in water 
(25 ml.), were deaerated in the small cells and irradiated to doses of 2-4, 4-8, and 7:2 x 107° ev 
ml.1, severally. Each cell after irradiation was attached to a gas-line, and by using a break- 
seal the gases produced were expanded into an evacuated system of known volume. The 
quantity of gas produced was determined by direct pressure measurement at room temperature 
(21°). A known volume of gas was measured in a gas-burette and analysed. First, the gas 
was expanded through a system cooled in solid carbon dioxide—acetone, and the amount of water 
vapour present measured by the fall in pressure. All the measurements were corrected to 
constant temperature (21°). Expansion through a system cooled in liquid air gave a measure 
of the carbon dioxide formed. The hydrogen was converted into water, and carbon monoxide 
into carbon dioxide by passing the remaining gas over cupric oxide at 320°. Both these 
products were measured as described, providing a measure of the hydrogen and carbon monoxide 
content of the gas. A small amount of non-combustible gas remained, but was less than 2% 
of the total gas pressure of the original system. The results, shown in Table 3, indicate that 
the gas released during irradiation is mainly hydrogen. Carbon monoxide and carbon dioxide 
are formed in small amount only. On the basis of the results shown in Table 3 initial 
G(hydrogen) is ca. 1-0. 
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Polymer Formation.—When evacuated p-sorbitol solutions are irradiated to high doses, a 
polymer is formed. A typical experiment which led to this observation and enabled the 
polymer to be isolated is as follows: A solution of D-sorbitol (5-50 millimoles) in water (100 ml.) 
was evacuated and irradiated to a total energy input of 2-2 x 10% ev. The resulting yellow 
solution was dialysed for 6 days in a stream of water. Freeze-drying the solution remaining 


TABLE 3. Analysis of the gas formed during irradiation of evacuated D-sorbitol solutions. 
Volume of gas in cell 90-0 ml. 


Pressure (mm. Hg) 
Dose 





- —— —— —_— $$$ A$ _ ——_—— ~ 
(10? ev ml.-!) —- Total H, co co, H,O Non-combustible (10' molecules ml.-') 
2-4 22-8 19-0 1-8 — 1-8 0-2 2-2 
4-8 30-8 25-5 2-2 - 2-0 0-3 3-4 
7-2 45-0 36-9 2-5 3-1 2-1 0-4 4-4 


after dialysis afforded a light fibrous solid, which is exceptionally soluble and is acidic in water. 
Chromatography in butan-l-ol-acetic acid-water showed that one component was present, 
which did not move and could readily be detected with alkaline silver nitrate. The ultraviolet 
absorption spectrum of the polymer in aqueous solution is shown in Fig. 3. Addition of alkali 
only slightly modifies the spectrum. For an energy input of 2-2 x 10° ev, the polymer 
accounted for ca. 25% of the initial p-sorbitol. 

Dimer Formation.—v-Sorbitol (1-37 millimoles) in water (25 ml.) containing ca. 6—7 uc of 
p-[C]sorbitol was evacuated, sealed, and irradiated to a dose of 7-2 x 107° ev ml.1. The 
mono- and di-saccharide constituents in the irradiated solution were separated by chromato- 
graphy on a charcoal—Celite column.5 The eluate was monitored for radioactivity, and in this 
way individual sugar fractions which separated on the column were conveniently detected. 
A small amount of suction was applied to increase the rate of flow through the column. After 
elution with water (1-5 1.), the column was eluted with ethanol (1-0 1.), and constant volumes 
(30 ml.) were collected. Thin layers of each fraction were counted directly by using a thin- 
window Geiger-—Miiller tube. After a small correction had been applied for the relative absorption 
of 8-particles by 5% aqueous ethanol and water, the separation shown in Fig. 4 was obtained, indic- 
ating five components. Examination of the fractions by paper chromatography showed that 
fractions I, II, and III contained the major part of the monosaccharide products, while IV 
and V contained a neutral disaccharide as indicated by chromatography in acidic and basic 
irrigants (Rp 0-09). By counting paper chromatograms directly we estimate that ~50% of 
the activity represented by peaks IV and V is due to the disaccharide. Thus, if it is assumed 
that the total activity in the eluate, represented by the area under the curve in Fig. 4, is 
proportional to the initial p-sorbitol concentration, an approximate value (0-03 millimole) 
for the concentration of the disaccharide may be obtained. This value is tentative, and further 
investigations are in progress to measure accurately the disaccharide concentration. 

Estimation of Products by the Isotope Dilution Method.—The main products, p-glucose, 
b-gluconic acid, D-glucuronic acid, p-arabinose, L-xylose, D-xylose, three-carbon and two- 
carbon aldehydic fragments, oxalic acid, and unchanged D-sorbitol were estimated by applic- 
ation of isotope dilution analysis directly to the untreated irradiated solutions as described in 
the previous paper. Table 4 shows the yields of products at two energy inputs (6-4 x 10? 
and 2-2 x 10% ev) for evacuated p-sorbitol solutions (100 ml.). 

Rate of Formation of Products.—A solution of D-Sorbitol (5-49 millimoles) in water (100 ml.) 
containing ca. 25 uc of p-[!4C]sorbitol was evacuated-and irradiated in the large cell which had 
been modified to enable small samples to be withdrawn at successively increasing doses without 
release of the pressure. Accurately known amounts (0-5 ml.) of the irradiated solution were 
chromatographed in two irrigants after increasing doses, and the radioactivities of the spots 
were measured. In butan-l-ol—acetic acid—water it was possible to isolate gulose, arabinose, 
xylose, and tetroses as discrete spots; in ethyl methyl ketone-saturated boric acid—acetic acid 
gulose, glucose, arabinose, and the tetroses ran independently. Thus, by using the two irrigants, it 
was possible to obtain yield—dose curves for glucose, gulose, arabinose, xylose, and the tetroses. 
By difference the rate of disappearance of p-sorbitol was also measured and the results are 
shown in Fig. 5. At high doses, it is probable that some 2-oxo-pD-arabino-aldohexose (glucosone) 


5 Whistler and Durso, Amer. Chem. Soc., 1950, 72, 677. 
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and 2-oxo-L-*ylo-aldohexose are formed by secondary degradation of p-glucose and L-gulose 
respectively. These products run identically with the corresponding hexoses in butan-1l-ol— 
acetic acid—water and would therefore lead to rather high values for glucose and gulose at high 
doses. The initial yields from paper chromatography, however, should not.be affected. The 
rate of polymer formation was estimated by measuring the radioactivity which remained on 
the starting line at increasing doses (Fig. 5). 

In order that accurate initial G values could be evaluated, and the accuracy of the paper- 
chromatographic method of obtaining yield—dose curves verified, p-glucose, p-gluconic acid, 


TaBLE 4. Products when aqueous D-sorbitol is irradiated with y-radiation in vacuo. 
(a) Initial p-sorbitol 5-40 millimoles. Energy input 6-4 x 10%? ev (vol. 100 ml.). 


p-Glucose p-Gluconic p-Glucuronic 
Product D-Sorbitol c d acid acid p-Arabinose 
Carrier (millimoles) 1-00 1-10 1-00 1-02 1-00 1-00 
Spec. activity (yc; 
millimole) ......... 0-32 0-032 0-051 0-025 - 0-018 
Yield (millimole) ... 2-00 0-21 0-30 0-14 _- 0-12 
Three-carbon Two-carbon 
Product L-Xylose p-Xylose fragments fragments Oxalic acid 
Carrier (millimoles) 0-95 1-03 0-90 2-00 2-00 
Spec. activity (uc/ 
millimole) ......... 0-020 — 0-005 0-015 0-003 
Yield (millimole) ... 0-13 — 0-05 0-50 0-14 


Tetroses estimated from paper chromatography 0-37 millimole. Formic acid determined as volatile 
acid by titration 0-13 millimole. : 


(b) Initial D-sorbitol 5-52 millimoles. Energy input 2-2 x 10*3 ev (vol. 100 ml.). 
gy inp 


p-Gluconic p-Glucuronic 
Product D-Sorbitol p-Glucose acid acid p-Arabinose 
Carrier (millimoles) 1-20 1-00¢ 0-98 1-00 1-10 
Spec. activity (puc/ 
millimole) ......... 0-039 0-024 0-047 — 0-020 
Yield (millimole) ... 0-25 0-13 0-26 _- 0-14 
Three-carbon Two-carbon 
Product L-Xylose fragment fragment Oxalic acid 
Carrier (millimoles) 1-08 1-00 2-00 2-00 
Spec. activity (uc/ 
millimole) ......... 0-021 0-009 0-004 0-004 
Yield (millimole) ... 0-14 0-10 0-13 0-13 


Tetroses estimated from paper chromatography 0-25 millimole. Polymer (% of initial p-sorbitol 
by weight) (a) 4-6, (b) 25-5. 
¢ As penta-O-acetate. 4% As glucosazone. 


p-arabinose, and two-carbon aldehydic fragments were determined by isotope dilution analysis 
at four doses, 0-5, 1-0, 1-6, and 2-5 x 10?®ev ml.1. The yield—dose curves obtained are shown 
in Fig. 6; the rate of disappearance of p-sorbitol was also measured. 

In an independent series of experiments, the initial rate for formation of glycollaldehyde 
was measured so that a distinction could be drawn between total two-carbon aldehydic frag- 
ments and glycollaidehyde originating only by scission of the two carbon atoms at each end 
ofthe molecule. For isotope dilution estimations the 2,4-dinitrophenylhydrazone was prepared, 
which is a specific derivative for glycollaldehyde. A typical estimation is as follows: A solution 
of p-sorbitol (1-37 millimoles) in water (30 ml.) was evacuated and irradiated to a dose of 0-5 x 
10?°ev ml.4. The irradiated solution (5 ml.) with specific activity 4-2 uc of p-[44C]sorbitol per 
millimole was treated with carrier glycollaldehyde (0-5 millimole) and a saturated solution of 
2,4-dinitrophenylhydrazine (10 ml.) in 2% sulphuric acid. The solid which separated was 
recrystallised eight times from ethyl acetate, to give the pure derivative, m. p. 155°, constant 
spec. activity 0-011 uc millimole. This corresponded to 0-024 millimole of glycollaldehyde. 

From the yield—dose curves initial G values for the primary products may be quoted. 


* Collatz and Neuberg, Biochem. Z., 1932, 255, 27. 
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Initial G values calculated from isotope dilution measurements are as follows: —G(p-sorbitol) 
3-5; G(individual hexoses) 0-7; G(glycollaldehyde) 1-0; G(two-carbon aldehydic fragments) 1-3. 


DISCUSSION 


During y-irradiation of evacuated D-sorbitol solutions there is preferential attack at 
the primary alcohol groups, and in this respect evacuated solutions resemble oxygenated 
p-sorbitol. Glucose, gulose, xylose, arabinose, and tetrose fragments were detected by 
paper chromatography in p-sorbitol solutions irradiated im vacuo. Isotope dilution 
confirmed, as in oxygen, that the isomers present are D-glucose, D-arabinose, and L-gulose. 
Thus, on configurational grounds, it is probable that gulose is present as the L-isomer, and 
that the tetroses are D-erythrose and L-threose. Isotope dilution analysis revealed the 
accompanying formation of two-carbon aldehydic fragments and, by utilising a derivative 
for glycollaldehyde, a distinction may be drawn between this product and other two- 
carbon fragments present. The results indicate that glycollaldehyde comprises 77% of 
the two-carbon fragments formed initially. 

Primary and secondary processes may be identified by reference to the yield—dose curves 
of the main products. Hexose formation is a primary process (Figs. 5 and 6). Initial 


Fic. 6. Formation of products, as for Fig. 


























Fic. 5. Formation of products during irradiation of 5, but determined by isotope dilution 
deaerated solutions of D-sorbitol, determined by paper analysis. 
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G(p-glucose) is 0-7, and since both hexoses are formed at identical rates (Fig. 5) initia! 
G(L-gulose) is also 0-7. For the rate of disappearance of D-sorbitol, initial G is 3-5, which 
is equal to initial —G(p-sorbitol) in oxygen. As in oxygen, pentose formation im vacuo is 
a secondary process (Figs. 5 and 6), the rate of formation increasing appreciably only when 
appreciable hexose concentrations are present. Similarly, gluconic acid and glucosone 
arise by secondary processes (Fig. 5). The rate,of acid formation at low doses is negligible 
(Fig. 2) and, im vacuo, therefore, it appears that the direct conversion R°CH,-OH —» 
R-CO,H, encountered in oxygen, does not take place to any appreciable extent. 

Chain scission appears to be more significant during irradiations im vacuo than in 
oxygen. Two- and four-carbon aldehydic fragments are formed by primary processes 
(Figs. 5 and 6). From paper-chromatogram measurements initial G(tetrose) is 0-9; 
isotope dilution analysis gives initial G(two-carbon aldehydic fragments) 1-3 and for 
glycollaldehyde, also a primary product, initial G 1-0. The dominating primary scission 
occurs, therefore, between Cy, and Cig) and between Cy) and C,,), with accompanying 
formation of D-erythrose and 1-threose. The somewhat higher yield of two-carbon 
fragments in relation to glycollaldehyde may be an indication that a small amount of 
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symmetrical scission to give three two-carbon fragments also occurs. These scission 
processes are as illustrated. 


CH,°OH CH,‘OH CH,"OH CH,‘OH 

CHO H-C-—OH CHO H-C—OH 
+ HO-C-H + HO-C-H 

CHO H-C—OH CHO CHO 

<— > 
CHO H-C—OH H—-C—OH + " 
CH,‘OH H-C-OH CHO 
CHO CH,‘OH | 
CHO,*OH 


There is appreciable evidence from investigations in allied fields’? that hydroxyl 
radicals formed during primary radiolysis of water may initiate reaction at primary 
alcohol groups through primary abstraction processes of the type: OH + R-CH,-OH —» 
R-CH(OH): + H,O. Jn vacuo, hydrogen atoms may be expected to react with equal 
facility, H + R-CH,-OH —» R-CH(OH): + H,. Such abstraction processes are con- 
sistent with our results for the irradiation of D-sorbitol solutions in oxygen and in vacuo. 
The gas released during irradiations im vacuo is almost exclusively hydrogen, and it is only 
at high doses that smaller amounts of carbon dioxide and carbon monoxide are produced, 
probably as a result of secondary decarboxylation. Hydrogen is formed by a primary 
process with initial G ~1 (Table 3). Since truly primary reactions, in terms of the initial 
radicals formed, are now being considered, it is important that a clear distinction be 
drawn between the initial products detectable by our methods and the primary radicals 
which give rise to these products. For example, hexoses, the primary products detected 
during the irradiation of D-sorbitol solutions 1m vacuo and in oxygen may arise from the 
primary radicals R-CH(OH): by reactions of the type annexed. 


In vacuo R¢CH(OH): + OH — R-CH(OH), — R*CHO 
In oxygen R°CH(OH): + O, —— R*CH(OH):O,° 
H+ O,—® HO, 
R*CH(OH)-O: + HO, —3 R*CHO + H,O, + O, 


Therefore, in view of the similarity in the primary abstraction processes, an inter- 
pretation for the difference in the products formed during irradiation of D-sorbitol solutions 
in oxygen and im vacuo must be sought in terms of the subsequent fate of ReCH(OH): 
radicals under both conditions. It is significant that the yield of individual hexoses is 
lower in vacuo (initial G 0-7) than in oxygen (initial G 1-1). A fate must, therefore, await 
the R-CH(OH): radicals in the absence of oxygen other than that leading to hexose. We 
consider that these radicals may also dimerise to form a disaccharide, a reaction comparable 
with glycol formation during the irradiation of alcohols in the absence of oxygen: ® 
2R-CH(OH)- —» [R-CH(OH)-},. 

It was to establish whether this process occurs that dimers were sought in the 
irradiated solution. Paper chromatography revealed a neutral component in the same 
position as a disaccharide, and this dimer can be separated from the irradiated solution by 
chromatography on a charcoal—Celite column.’ Our estimation of dimer concentration 
is too inaccurate to allow an initial G value to be quoted. Nevertheless, on the basis of 


? Garrison, Ann. Rev. Phys. Chem., 1957, 8, 129; Jayson, Scholes, and Weiss, J., 1957, 1358. 
8 Swallow, Biochem. J., 1953, 54, 253; Baxendale, Trans. Faraday Soc., 1960, 56, 37. 
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the single estimation, it appears that the dimer is present in amounts comparable to those 
of the hexoses. After high doses a polymer was recovered from the irradiated solution, 
and the yield—dose curve (Fig. 5) shows that it is formed only slowly at low doses. Conse- 
quently, experiments to separate the dimer were conducted at doses unlikely to yield 
significant amounts of polymer. If dimerisation is regarded as the initial step in polymer 
formation, then further polymerisation probably arises by the random coupling of sugar 
radicals formed by the action of hydroxyl radicals and hydrogen atoms on organic 
constituents. When only pure solute is present, the initial coupling process is not com- 
plicated and leads only to the dimer. However, as the constituents in the irradiated 
solution increase in number and complexity, so will thé structure of the polymer. Barker, 
Grant, Stacey, and Ward ® have already observed that acidic polymers formed on prolonged 
irradiation of maltose, glucose, glucono-1,4-lactone, lactic acid, glycollic acid, and amino- 
acid solutions im vacuo. Further, the polymers show considerable similarity. It is also 
significant that in no instance has a polymer been isolated in oxygen. This is consistent 
with the previously mentioned secondary combination of oxygen with initially formed 
sugar radicals to form intermediate peroxy-radicals. 

After the primary abstractions by hydroxyl radicals and hydrogen atoms, three initial 
degradation processes are indicated by our results for the irradiation of D-sorbitol solutions 
im vacuo: 








D-Sorbitol 
Y' ¥ y 
Hexoses Dimer Two- and three-carbon 


aldehydic fragments 


Reactions 1 and 3 account for initial G 2-7, which may be compared with —G(p-sorbitol) 
3-5. There is some evidence that dimerisation may account for the remaining degradative 
processes. If, as is probable, the difference between total G(hexose) i” vacuo (1-4) and in 
oxygen (2-2) is the result of dimerisation, then the entire degradation of D-sorbitol may be 
accounted for in terms of reactions 1, 2, and 3. 

The secondary reactions are many. From the results of our investigation on the 
irradiation of hexose solutions i vacuo it is evident that most of the secondary products 
arising during D-sorbitol irradiations im vacuo are formed by secondary degradation of the 
initially formed hexoses, D-glucose and L-gulose. These secondary products include 
pentoses, hexonic acid, osones, and the constituents responsible for the characteristic 
absorption at 265 my. Oxalic acid probably arises by oxidation of two-carbon fragments. 
Evidence for the increasing complexity of the system at higher energy inputs may be seen 
in Table 1. At energy input 6-4 x 10” ev, the total of products estimated accounts for 
70% of the initial p-sorbitol irradiated, but only 53° could be accounted for in terms of 
the same products after an energy imput of 2-2 x 10% ev. Further investigations are 
proceeding into the mechanism of the degradatjon. 


UNIVERSITY COLLEGE, CARDIFF. [Received, February 2nd, 1961.) 


® Barker, Grant, Stacey, and Ward, J., 1959, 2648. 
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731. Some Derivatives of Biphenyl and of Phenanthridine. 
By B. L. HOLLINGSworTH and V. PETROw. 


Some 2-acylamino-4-chloro- and -4-methoxy-biphenyls have been cyclised 
to the corresponding phenanthridines. The nitrobiphenyls required as start- 
ing materials were synthesised by the Gomberg reaction. 


DuRING the preparation of a-di(phenanthridin-6-yl)alkanes + we required some sub- 
stituted 2-aminobiphenyls for conversion into the phenanthridines. 2-Amino-chloro-, 
-bromo-, and -nitro-biphenyls substituted in the 5-, 3,5-, and 5,4’-positions have been 
prepared by the reaction of nucleophilic reagents with 2-amino-,? 2-acetamido-,? and 
2-toluene-p-sulphonamido-biphenyl,? but compounds substituted in the 4-position could 
not be prepared by this route. For these derivatives we turned to the Gomberg reaction. 

Ritchie* and Petrow® prepared 4-methyl-2-nitrobiphenyl from 4-amino-3-nitro- 
toluene, by using the sodium acetate modification of the Gomberg reaction described by 
Elks, Haworth, and Hey. This reaction has now been extended by the synthesis of 
4-chloro-2-nitrobiphenyl in 51% yield from 4-chloro-2-nitroaniline, and of 4-methoxy-2- 
nitrobipheny] in 20% yield from 4-amino-3-nitroanisole: the method described by Gomberg 
and his co-workers’ gave 22% and 15% yield respectively. Reduction of the nitro- 
compounds with reduced iron in aqueous alcohol gave high yields of the 2-aminobiphenyls, 
from which the 2-acetamido-, 2-benzamido-, and 2-ethoxycarbonylamino-biphenyl were 
prepared. 

Cyclisation of 2-acetamido-4-chloro-, 2-benzamido-4-chloro-, 2-acetamido-4-methoxy-, 
and 2-benzamido-4-methoxy-biphenyl with phosphorus oxychloride, a method previously 
employed by Morgan and Walls ® for the preparation of 6-substituted phenanthridines, 
gave the respective phenanthridines smoothly. Attempts to cyclise the 2-ethoxycarbonyl- 
biphenyls with phosphorus oxychloride failed but by refluxing them with powdered zinc 
chloride in diethylene glycol ring closure was achieved. Prolonged refluxing of 2-ethoxy- 
carbonylamino-4-methylbiphenyl with phosphorus oxychloride and treatment of the 
product with ammonia gave N-(4-methyl-2-biphenylyl)urea. 


EXPERIMENTAL 


M. p.s in parentheses are as recorded elsewhere. 


4-Methyl-2-nitrobiphenyl.—4-Amino-3-nitrotoluene (76 g., 0-5 mole) in concentrated hydro- 
chloric acid (150 ml.; d 1-18) and water (100 ml.) was diazotised at 0—5°: during 1 hr. with 
sodium nitrite solution (38 g. in 50 ml.). The cold, filtered diazo-solution was added rapidly 
to stirred benzene (1 1.) at 5°, and sodium acetate (160 g., trihydrate in water, 400 ml.) 
was added at the same temperature during 1 hr. The mixture was stirred vigorously for a 
further 3 hr. at 3—5°, and for an additional 40 hr. at room temperature. The benzene layer 
was removed, washed, dried, and fractionally distilled under reduced pressure. The fraction 
boiling from 180° to 200° at 11 mm. was collected and redistilled under reduced pressure. 
4-Methyl-2-nitrobiphenyl separated from light petroleum (b. p. 40—60°) in very pale yellow 
cubes (50%), m. p. 49°, b. p. 188—190°/11 mm. (Found: C, 73:3; H, 5-3; N, 6-4. C,,;H,,NO, 
requires C, 73-2; H, 5:2; N, 66%). Ritchie * gives b. p. 207—-209°/28 mm., and Petrow 5 b. p- 
208°/11 mm. Both describe it as an oil. 


Hollingsworth and Petrow, J., 1961, 3664. 

Scarborough and Waters, /., 1927, 89. 

Bell, J., 1928, 2770. 

Ritchie, J. Proc. Roy. Soc. New South Wales, 1944, '78, 169. 
Petrow, J., 1945, 21. 

Elks, Haworth, and Hey, /., 1940, 1284. 

Gomberg, J. Amer. Chem. Soc., 1924, 46, 2339; 1926, 48, 1372. 
Morgan and Walls, /., 1931, 2447. 
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The compounds in Table 1 were prepared similarly, or by standard methods. The following 
notes apply: 

No. 1: Petrow § gives b. p. 183°/1l1 mm. This compound, and nos. 6 and 10, were prepared 
from the corresponding nitro-compounds by use of reduced iron in aqueous alcohol. 

No. 2: Ritchie * gives m. p. 148°. 

No. 3: Ritchie 4 gives m. p. 92°. 

No. 14: Pictet and Hubert ® give m. p. 186°. 

No. 15: Prepared from 2-acetamido-4’-ethoxycarbonylaminobiphenyl !° by hydrolysis in 
10% alcoholic hydrochloric acid. 

No. 16: Prepared from 2-acetamido-4’-benzamidobiphenyl ® by hydrolysis in 10% alcoholic 
hydrochloric acid. 

No. 17: Prepared from 2-amino-3,5-dibromobiphenyl ? by means of acetic anhydride. 

3,6-Dimethylphenanthridine.—2-Acetamido-4-methylbiphenyl (5 g.) and phosphorus oxy- 
chloride (15 ml.) were refluxed until evolution of hydrogen chloride had practically ceased 
(~2 hr.). The excess of phosphorus halide was removed under reduced pressure, and the 
cooled residue was poured on ice (200 g.) and neutralised with aqueous ammonia. The sticky 
solid so obtained was collected, dried, and crystallised from light petroleum (b. p. 40—60°). 
3,6-Dimethylphenanthridine formed colourless octahedra (75%), m. p. 105° (104-5—105-5° 5) 
(Found: C, 87-1; H, 6-3; N, 6-6. Calc. for C,;H,,N: C, 87-0; H, 6-3; N, 6-8%). The picrate 
separated from alcohol in very sparingly soluble yellow needles, m. p. 255° (decomp.) (240° ) 
(Found: N, 13-1. Calc. for C,;H,,;N,C,H;N,O,: N, 12-9%). 

The compounds in Table 2 were prepared similarly. The following notes apply: 

No. 1: Ritchie 4 gives m. p. 120° and 243° (decomp.) respectively for the base and the picrate. 

Nos. 4 and 6: Prepared from the corresponding methoxy-compounds by hydrolysis in 
constant-boiling hydrobromic acid. , 

2-Ethoxycarbonylamino-4-methylbiphenyl was refluxed with an excess of phosphorus oxy- 
chloride until the slow evolution of hydrogen chloride had ceased (4 hr.). The excess of phos- 
phorus halide was removed under reduced pressure, and the oily residue poured into water and 
neutralised with aqueous ammonia. The precipitated N-(4-methyl-2-biphenylyl)urea crystal- 
lised from alcohol-light petroleum (b. p. 80—100°) in needles, m. p. 166° (Found: C, 74-2; H, 
6-1; N, 12-3. C,gH,,N,O requires C, 74-4; H, 6-2; N,12:4%). Yield 45%. 

Phenanthridones.—2-Ethoxycarbonylaminobiphenyl (2 g.), powdered zinc chloride (5 g.), 
and diethylene glycol (10 ml.) were gently refluxed for 2 hr., then cooled and poured into warm 
17% hydrochloric acid (200 ml.), precipitating a brownish powder. After being washed with 
boiling water and a little boiling alcohol, 5,6-dihydro-6-oxophenanthridine crystallised from 
aqueous acetic acid in needles (30%), m. p. 292—293° (289° ®) (Found: C, 79-8; H, 4-5; N, 7:3. 
Calc. for C;,H,NO: C, 80-0; H, 4-6; N, 7-2%). 

The 3-methyl analogue, needles (from acetic acid), m. p. 250° (251° 4) (Found: C, 80-1; H, 
5:2; N, 6-6. Calc. for C,,H,,NO: C, 80-4; H, 5:3; N, 6-7%), was prepared (30%) by similar 
cyclisation of 2-ethoxycarbonylamino-4-methylbiphenyl. 

3-Chloro-6-methylphenanthridine (2 g.) in glacial acetic acid (10 ml.) was treated with 
powdered potassium dichromate (5 g.) during 30 min. at 100° and refluxed for a further 24 hr. 
The mixture was poured into warm dilute hydrochloric acid (150 ml.), precipitating a yellowish 
solid. This was collected, washed with boiling water and alcohol, and crystallised from acetic 
acid, giving 3-chlovo-5,6-dihydro-6-oxophenanthridine as needles, m. p. 297—298° (75%) 
(Found: C, 68-0; H, 3-7; N, 6-1. C,,;H,CINO requires C, 67-7; H, 3-9; N, 6-1%). 

The 2-bromo-, very pale yellow needles (from acetic acid) (60%), m. p. 337—338° (Found: 
C, 57-3; H, 2-8; N, 5-0. C,;H,BrNO requires C, 57-0; H, 2-9; N, 5-1%), and the 2,4-dibromo- 
analogue, light orange needles from nitrobenzene (55%), m. p. 356—387° (decomp.) (Found: 
C, 44-5; H, 1-9; N, 4-1. C,,H,Br,NO requires C, 44-2; H, 2-0; N, 4:0%), were prepared 
similarly. 


This work was commenced at Queen Mary College (University of London) during the 
period 1947—1948. 


QUEEN Mary COLLEGE (UNIVERSITY OF LONDON), E.1. 
(B. L. H.) Ministry oF AVIATION, WALTHAM ABBEY, ESSEX. 
(V. P.) THe British DruGc Houses, Ltp., Lonpon, N.1. [Received, March 3rd, 1961.) 


® Pictet and Hubert, Ber., 1896, 29, 1188. 
10 Walls, J., 1947, 70. 
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732. Phospholipids. Part VII. The Structure of a Mono- 
phosphoinositide. 


By D. M. Brown, B. F. C. Clark, and R. LETTERs. 


The monophosphoinositide isolated from horse liver has been shown to be 
2,3-di-O-acyl-p-glycerol 1-(L-myoinositol 1-phosphate). The nature of the 
long-chain fatty acids has not been investigated. 


PAPERS in this series have described studies on a variety of phosphate esters with the 
object of extending knowledge of the chemistry and structure of phospholipids, particularly 
those containing inositol. Phosphoinositides are very widely distributed.* The lipid 
from horse liver was chosen for an initial application of the degradative methods 
previously * examined on model substances, as it was reported to be present in relatively 
high concentration (~0-2%).45 A brief account of part of our work on this inositide has 
already been published.® 

McKibbin? isolated a phosphoinositide, almost nitrogen-free, from horse liver and 
showed that on hydrolysis it gave myoinositol, glycerol, fatty acids, and orthophosphate 
in the ratio 1:1:2:1. It was asecondary phosphate and gave myoinositol phosphate on 
alkaline hydrolysis. In the present work the liver phospholipids were extracted by a 
modification of a method due to Folch e¢ al.8 and the pure monophosphoinositide was 
separated by chromatography on silicic acid with the elution procedure of Hanahan and 
his co-workers.>+® The product was a colourless, amorphous sodium salt with analytical 
values corresponding to those of a diacylglycerol inositol phosphate,* the structure 
suggested by McKibbin.? The substance is shown to have the structure (I; R = acy)), in 
which the stereochemistry is completely defined. The composition of the fatty acid 
mixture obtained on hydrolysis has not been studied. 

Hydrolysis by acetic # or hydrochloric ® acid, applied variously to the inositides from 
wheat germ, cardiac muscle, beef and rat liver, and yeast, leads to diglyceride. The 
reaction is undoubtedly dependent !* on an acid-catalysed displacement of the diglyceride 
residue by the neighbouring hydroxyl group on the myoinositol. Applied to the horse- 
liver lipid, hydrolysis by acetic acid led to diglyceride and myoinositol phosphates; neither 
monoglyceride nor glycerol phosphate was detected. -Thus both fatty acids are esterified 
to the glycerol residue. This was confirmed by treating the phospholipid with periodate: 
the inositol residue was destroyed and a product indistinguishable chromatographically 
from a synthetic phosphatidic acid? (II; R = acyl) was formed. This substance, with- 
out isolation, was hydrolysed by alkali which removed the fatty acids, to yield a glycerol 
phosphate isolated as its cyclohexylamine salt. Periodate oxidation and chromato- 
graphic comparisons showed it to be the 1-phosphate, uncontaminated by the 2-isomer. 
Muscle glycerophosphate-dehydrogenase has -been shown ** to be specific for the p-1l 


* Calculated as the distearate. Liver phosphoinositides appear to contain a high proportion of 
Cy, acids.'° 
Part VI, Brown and Hammond, /., 1960, 4232. 
Hawthorne, J. Lipid Res., 1960, 1, 255. ’ 
Brown, Hall, and Letters, J., 1959, 3547. 
Bloor, J. Biol. Chem., 1928, 80, 443. 
Hanahan, Dittmer, and Warashina, J. Biol. Chem., 1957, 228, 685. 
Brown, Clark, Hall, and Letters, Proc. Chem. Soc., 1960, 212. 
McKibbin, J. Biol. Chem., 1956, 220, 537. 
Folch, Lees, and Sloane-Stanley, J. Biol. Chem., 1957, 226, 497. 
Hanahan and Olley, J. Biol. Chem., 1958, 281, 813. 
Hanahan, ‘“‘ Lipide Chemistry,”” John Wiley and Sons, Inc., New York, 1960, p. 118; Gray and 
Macfarlane, Biochem. J., 1958, 70, 409; Macfarlane, Biochem. J., 1961, 78, 44. 
11 Faure, Coulon-Morelec, and Lecocq, Compt. rend., 1959, 248, 2252. 
12 Coulon-Morelec, Faure, and Maréchal, Bull. Soc. Chim. biol., 1960, 42, 867. 
13 Baer and Fischer, /. Biol. Chem., 1940, 185, 321; Meyerhoff and Kiessling, Biochem. Z., 1933, 264, 
62; 1933, 267, 330. 
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(L-«) isomer of glycerol phosphate. The isolated compound was completely oxidised by 
coenzyme I in presence of the dehydrogenase and is therefore D-glycerol 1-phosphate (III).* 

Thus the glycerol phosphate residue in this inositide falls into the same configurational 
class as in the lecithins and other cephalins.1* We are not aware of any characterisation 
of this feature in other monophosphoinositides, but its generality together with that of the 
fatty acid linkage points is rendered very probable by recent biosynthetic studies.!? 

The question of the position of linkage of phosphate to the myoinositol residue was our 
main concern since it was apparent that the early degradative methods involving hydrolysis 
could lead to ambiguous structural conclusions owing to phosphate migration.1* This 
was confirmed in model experiments and a method was devised to overcome the difficulty. 
l‘or its application to a phosphoinositide it was necessary, first, to remove the fatty acids. 
Mildly alkaline conditions }® have been used successfully with many phospholipids, but it 
was necessary to terminate the reaction before complete hydrolysis in order to avoid 
degradation of the sensitive diester. An alkaline hydroxylamine solution,”® on the other 
hand, allowed complete removal of fatty acids without significant breakdown of the 
phosphodiester. In this way the inositide was converted into an optically active glycerol 
myoinositol phosphate, isolated in good yield as its crystalline cyclohexylammonium salt. 
On alkaline hydrolysis it yielded a chromatographically resolvable mixture of myoinositol 


eo HO OH 
bar p— ; O-PO3H2 
ie 25 or —s> (1; R=) — > Goi 
5 ie HO 
OH (V) 


ae '\ . 


v O-PO;H, preenn HO oO — - 
Diglyceride —f-or 5 — — OH O7 OH 
OR OH “a 


II) (111) 








OH (IV) 
Reagents: 1, NHg*OH-MeOH. 2, (a) Og”, (b) NHg*NHPh. 3, H+. 4, 10,-. 5, OH™. 


- and 2-phosphate and glycerol 1- and 2-phosphate, showing that the position of esterific- 
ation of phosphate was at the 1- or the 2-position. Thus the substance was similar in its 
hydrolytic behaviour to the synthetic racemic diesters, glycerol 1-(myoinositol 1-phosphate) 
(1; R = H) and glycerol 1-(myoinositol 2-phosphate) (IV).3 Chromatographically it was 
identical with the former and distinguishable from the latter. When the synthetic 
racemates (I; RK = H) and (IV) were treated under controlled conditions with periodate 
followed by phenylhydrazine at pH 6, the glycerol residue was eliminated, yielding the 
corresponding myoinositol phosphate with little or no phosphate migration.* The natural 


* We prefer, following Benson and Maruo," to describe this enantiomorph as D-glycerol 1-phosphate, 
showing its direct relation to D-glyceraldehyde,!: 1° and adhering to the normal conventions of nomen- 
clature. The term L-a-glycerophosphate does not, of itself, define the configuration unambiguously 
since confusion can, and does, arise from whether « refers to the 1- or the 3-pesition; actually, « refers 
to the 3-position in the glycerophosphate series. 


144 Benson and Maruo, Biochim. Biophys. Acta, 1958, 27, 189; see also Baddiley, Buchanan, and 
Carss, J., 1957, 1869. 

15 Mills and Klyne in “ Progress in Stereochemistry,” ed. Klyne, Butterworths Scientific Publications, 
London, 1954, Vol. I, p. 191. 

16 Baer and Buchnea, ]. Amer. Chem. Soc., 1959, 81, 1758. 

17 Paulus and Kennedy, J. Biol. Chem., 1960, 285, 1303; Agranoff, Bradley, and Brady, J. Biol. 
Chem., 1958, 238, 1077. 
18 Brown and Higson, /]., 1957, 2034. 
19 Dawson, Biochim. Biophys. Acta, 1954, 14, 374; Biochem. J., 1960, 75, 45. 
20 Cf. Hiibscher, Hawthorne, and Kemp, J. Lipid Res., 1960, 1, 433. 
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substance was treated likewise and gave myoinositol 1-phosphate characterised as its 
crystalline biscyclohexylammonium salt, {«],2° +2-25°; no 2-phosphate was detected. 
Optical-rotation measurements at several wavelengths showed it to be identical with the 
myoinositol phosphate isolated by Pizer and Ballou *! from a soya-bean monophospho- 
inositide and characterised “= as the L-l-enantiomorph (V). The monophosphoinositide 
is therefore the phosphatidylinositol, 2,3-di-O-acyl-p-glycerol 1-(L-myoinositol 1-phosphate) 
(I; R = acyl). 

Thus the phosphate is linked to myoinositol in the liver compound identically with that 
in the soya-bean inositide since it was shown ”! that the latter on alkaline hydrolysis gave 
myoinositol 2-phosphate and optically active myoinositol 1-phosphate (via the 1,2- 
phosphate). 

More recently the inositides from wheat germ and cardiac muscle »*3 have been shown 
by a related process involving acid hydrolysis to have the same linkage to the L-1-position. 
Enzymic evidence shows that the 1-position is also involved in the ox-liver lipid.* Our 
degradative method appears advantageous in that the position of esterification of the 
phosphate to the myoinositol is uniquely determined by the myoinositol phosphate 
isolated, so that fractionation of isomers is unnecessary. Consequently much smaller 
quantities of lipid may be used. Indeed it can be carried out on a microscale, with paper- 
chromatographic analysis by which all four isomeric myoinositol phosphates can now be 
differentiated.2> This technique may simplify the study of difficultly accessible phospho- 
inositides and would leave only the configuration of the myoinositol phosphate in doubt. 

Since the glycerol myoinositol phosphate (I; R = H), isolated during the degradation, 
is structurally defined, it can now be used for purposes of comparison. The corresponding 
substances isolated from pig- and beef-liver &?” and maize 8 phosphoinositides have 
specific rotations closely similar to our value and it seems clear that they are all structurally 
identical. 

The alkaline hydrolysis of glycerol myoinositol phosphate (I; R = H) gave glycerol 
phosphate and myoinositol phosphate in the ratio 60 : 40 in several determinations. The 
corresponding ratios * for racemic (I; R = H) and (IV) were 65 : 35 and 60 : 40 respectively. 
The discrepancy between the natural and the synthetic compound (I; R = H) may be 
due to the fact that the latter is a mixture of diastereoisomerides, and therefore not a 
satisfactory model, but in any event the variation in recorded values ”® indicates that 
this ratio cannot readily be used for structural definition. 


EXPERIMENTAL 


Paper-chromatographic Methods.—Phospholipids were chromatographed by the ascending 
technique normally with a running time of 12 hr. on formaldehyde-treated *® Whatman No. 1 
paper. As solvent, the upper phase of the butan-l-ol—water-—acetic acid (4: 5:1 v/v) solvent 
system mixed with peroxide-free ether (4:1) was used. Detection was effected by dipping in 
aqueous Nile Blue solution.*® Primary amino-functions were detected by ninhydrin before 
the Nile Blue treatment. 

Water-soluble phosphate esters were separated on acid-washed Whatman No. 1 paper by 
the descending technique in the propan-2-ol-water-ammonia (7: 2:1 v/v) system. Develop- 
ment for 60 hr. was necessary to separate the isomeric glycerol myoinositol phosphates and 

2 


2 
2 


_ 


Pizer and Ballou, J]. Amer. Chem. Soc., 1959, 81, 915. 

Ballou and Pizer, /. Amer. Chem. Soc., 1959, 81, 4745. 
Coulon-Morelec and Lecocq, Compt. rend., 1960, 251, 1831. 
Hawthorne, Kemp, and Ellis, Biochem. J., 1960, 75, 501. 

2° Angyal, Murdoch, and Tate, Proc. Chem. Soc., 1960, 416; cf. ref. 21. 
#6 Hawthorne and Hiibscher, Biochem. J., 1959, 71, 195. 

*7 Brockerhoff and Hanahan, J. Amer. Chem. Soc., 1959, 81, 2591. 

28 Lepage, Mumma, and Benson, J]. Amer. Chem. Soc., 1960, 82, 3713. 
*® Hawthorne, Biochem. J., 1960, 75, 495. 

30 Hérhammer, Wagner, and Richter, Biochem. Z., 1959, 381, 155. 
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myoinositol phosphates, and 24 hr. for the glycerol phosphates. Comparative Ry values of the 
substances studied have already been recorded. 

Extraction of Horse-liver Phospholipids—The mixed phospholipid fraction was isolated by a 
modification of the technique due to Folch e¢ al.8 Fresh horse liver (5 kg.) was minced and 
extracted with chloroform—methanol (2:1; 10 1., 2 x 5 1.). The combined filtrates were 
shaken with 0-73% sodium chloride solution (0-2 vol.) and allowed to settle for 12 hr. at —15°. 
The organic layer was shaken with chloroform—methanol—water (3:48:47 v/v; 0-2 vol.) 
containing sodium chloride (0-29% w/v) and allowed to settle as before. This washing was 
once repeated and the lower, organic, layer then concentrated in vacuo at 30° to a thick yellow 
syrup which was triturated with 95% ethanol (2 x 3-51.). The solid product was collected by 
centrifugation and dried in vacuo. It was shaken with light petroleum (b. p. 40—60°; 
4 x 2-51.) and set aside for 12 hr. at 0° and the solution after centrifugation was concentrated 
at room temperature to 200 ml. Acetone (2 1.) was added and after 4 hr. at —30° the yellow 
precipitate was collected by centrifugation and then dissolved in light petroleum (b. p. 40— 
60°)—chloroform (10:1; 200 ml.). The phospholipid fraction was precipitated by addition of 
acetone (10 vol.) and this reprecipitation again repeated. The product, after drying, was 
extracted with 95% ethanol (650 ml., then 800 ml.) for 4 hr. at room temperature and 0° 
respectively to remove lecithin. The solid residue was collected, dried in vacuo, and thereafter 
manipulated under nitrogen. It was dissolved in chloroform (190 ml.) and contained 1-07 g. of 
phosphorus (from a P analysis on an aliquot part). This solution was stored as such and 
chromatography showed it to contain, as the major components, phosphatidylserine, 
phosphatidylethanolamine, and monophosphoinositide. Paper chromatography of fractions 
throughout the extraction showed that only small amounts of inositide had been lost. 

Isolation of Monophosphoinositide.—The monophosphoinositide was isolated as described by 
Hanahan e¢ al.5 by chromatography on a silicic acid (Mallinckrodt AR)—Hyflo Supercel 
(2: 1 w/w; 420g.) column (4-2 cm. diameter). A sample of the mixed phospholipids (equiv. to 
230 mg. of P) in chloroform (62 ml.) was applied to the column and elution was followed by 
phosphorus analysis and paper chromatography of the fractions. An elution curve similar to 
that recorded by Hanahan e¢ al. for beef liver was obtained. The chloroform—methanol (3: 2) 
fractions containing inositide (equiv. to 37-5 mg. of P) were combined, concentrated, and 
rechromatographed ® on a column (2-5 cm.) of silicic acid—Hyflo Supercel (37-5 g.) with a 
loading factor of 0-5 mg. of P per g. of silicic acid. Alumina chromatography *! led to poor 
recovery of product. The colourless amorphous monophosphoinositide (10 mg. of P) obtained 
by precipitation from its chloroform solution by acetone (10 vol.) was chromatographically 
homogeneous and gave a negative reaction to the ninhydrin reagent. Microtests ** for N and $S 
were negative [Found, in material dried at 0-1 mm. at room temperature: P, 2-9; Na, 2-2 
(flame spectrophotometry); P: Na: fatty acids,** 1:1-05:1-9. Calc. for Cy;H,,NaO,,P: P, 
3°5; Na 26%; P: Na: fatty acids = 1:1: 2]. r 

Cyclohexylammonium D-Glycerol 1-(L-Myoinositol 1-Phosphate).—The hydroxylamine reagent 
was prepared by mixing an equal volume of methanolic 5% hydroxylamine hydrochloride with 
methanolic 12-5% sodium hydroxide and removing sodium chloride by filtration. The freshly 
prepared reagent (4 ml.) was added to monophosphoinositide (equiv. to 10 mg. of P) dissolved in 
chloroform (16 ml.), and the solution was kept at 40° for 20 min. The colourless precipitate was 
collected by centrifugation, washed with chloroform (3 ml.), dissolved in water (10 ml.), and 
acidified to pH 3 by addition of Dowex-50 (H*) resin. Further small quantities of product 
were removed by stirring the organic phases with water (10 ml.) and Dowex-50 (H*) resin. 
The aqueous solutions were combined and shaken sucessively with portions (25 ml.) of carbon 
tetrachloride, light petroleum, and isobutyl alcohol. The aqueous phase was adjusted to 
pH 9 with dilute cyclohexylamine solution, extracted with ether (3 x 20 ml.), and concentrated 
in vacuo to 2 ml. Adding acetone (2 ml.) and keeping the mixture for 3 hr. at 0° gave a very 
small precipitate (myoinositol phosphate) which was removed, and the solution was con- 
centrated to 0-5 ml. Ethanol (10 ml.) was added; the product separated and was collected 
after 12 hr. at —30°. This material was chromatographically homogeneous and was 
recrystallised from ethanol—water—acetone (yield 100 mg., 71%); it had m. p. 124—127° 
(decomp.), {o]28,, —13-2° (c 5-5 in water) (Found, in material dried at 20°/0-1 mm. for 6 hr. over 

31 Dawson, Biochem. ]., 1958, 68, 352. 

32 Feigl, ‘‘ Spot Tests in Organic Analysis,” Elsevier, Amsterdam, 1956, p. 95. 

33 Stern and Shapiro, J. Clin. Path., 1953, 6, 158. 
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P,O;: C, 40:7; H, 7-5; P, 7-05. Calc. for C,;H,;,NO,,P,0-5H,O: C, 40-7; H, 7-5; P, 7-0%), 
Vmax, (Nujol mull) 3400b, 3270b, 2920, 1700sh, 1640, 1543b, 1453w, 1391w, 1370w, 1197s, 1123s, 
1080sh, 1055s, 1021sh, 1003s, 936, 883b, 845sh, 819w cm.7?. 

The organic solutions and extracts (above) were shown by paper chromatography to contain 
fatty acids and their hydroxamates but no unchanged monophosphoinositide. 

Hydrolysis of Above Cyclohexylammonium Salt.—The salt was purified by preparative, 
descending chromatography in order to remove possible, although undetected, traces of glycerol 
phosphate or myoinositol phosphate. It was heated at 60° for 30 min. in N-sodium hydroxide, 
which was then acidified by addition of Dowex-50 (H*) resin, and the solution was transferred to 
chromatograms. The sole products were glycerol l- and 2-phosphate and myoinositol 1- and 
2-phosphate. The ratio glycerol: myoinositol phosphate was 60:40 (chemical analysis; 
2 expts.) and 61 : 39, 58 : 42 (radioactivation analysis) .* 

Isolation of L-Myoinositol 1-Phosphate.—The above cyclohexylammonium salt (80 mg.) and 
sodium metaperiodate (47-5 mg., 1-2 mol.) were dissolved in water (3 ml.) and set aside for 1 hr. 
at room temperature and then glycerol (0-02 ml.) was added. After 15 min.a solution (1-7 ml.) 
of phenylhydrazine (28 mg., 1-4 mol.) adjusted to pH 6 with formic acid was added and the 
solution was kept at 40° for 6 hr. The solution was filtered from a brown precipitate and the 
filtrate and washings were acidified with Dowex-50 (H*) resin. After filtration, the solution 
was brought to pH 9 with aqueous cyclohexylamine and, after extraction with ether (3 x 5 ml.) 
and concentration to 1 ml., acetone was added to turbidity. The solution was set aside for 
12 hr. at 0° and the product collected. The biscyclohexylammonium salt was recrystallised 
from ethanol—water—acetone (yield 25 mg.). A further quantity of pure material (15 mg.) was 
obtained by working up mother-liquors by paper chromatography on Whatman 3 MM paper 
(total yield 40 mg., 48%). It had m. p. 180—195° (decomp.) (Found, in material dried at 
20°/0-1 mm. for 12 hr. over P,O,;: C, 45-4; H, 8-3; P, 6-75. Calc. for C,,H33N,0,P,1H,O: C, 
45-4; H, 8-6; P,6-5%). Chromatographic properties were identical with those of biscyclohexyl- 
ammonium myoinositol 1l-phosphate prepared synthetically * or isolated from soya-bean 
monophosphoinositide.?! 

Optical rotatory dispersion measurements (Rudolph polarimeter) at pH 7 gave a positive 
plain dispersion curve over the range 589—400 my; {aj?° values (c 2-2 in water) calculated on 
the weight of anhydrous salt were + 2-25° (589 mu), +2-65° (540), +2-88° (500), +3-87° (450), 
+4-85° (435), +9-66° (400). After adjustment to pH 2 [Dowex-50(H*)], a negative plain 
dispersion curve was obtained; [a]?° —8-45° (589 mu), —10-2° (540), —12-1° (500), —15-5° (450), 
—16-6° (435), —21-5° (400) .%4 

The infrared spectrum (Nujol mull) had bands at 3300b, 2930, 2850, 2220w, 1631, 1550, 
1527sh, 1455, 1393b, 1340b, 1324w, 1264w, 1230w, 1187, 1150sh, 1105s, 1046s, 994, 962s, 943sh, 
925sh, 899, 830s, 750sh, 730 cm.7?. 

Heating a solution of the salt in 75% acetic acid for 50 min. at 100° or in N-hydrochloric 
acid for 2 hr. at 80° yielded a chromatographically identified mixture of myoinositol 1- and 
2-phosphate. 

Degradation of Inositide to Diglyceride.—The monophosphoinositide (10 mg.) was heated in 
97% acetic acid (1 ml.) for 30 min. at 100° and, after cooling to 0°, chloroform (1 ml.) was 
added. The solution was set aside at — 30° for 3 hr. and then centrifuged to remove precipitated 
myoinositol phosphate. The solution was shaken with water (5 ml.) and Dowex-50 (NH,°*), 
and then ethanol (0-5 ml.) was added to the chloroform layer before evaporation in vacuo. The 
waxy solid was identified chromatographically as diglyceride by a method * which clearly 
distinguished it from monoglyceride. 

Degradation of Inositide to p-Glycerol 1-Phosphate-—The monophosphoinositide (105 mg.), 
dissolved in ethanol—chloroform—water (5:2:2; 10ml.), was shaken in darkness at room 
temperature with sodium metaperiodate (214 mg.) dissolved in the same solvent (15 ml.). 
After 22 hr. glycerol (0-1 ml.) was added and the solution clarified by centrifugation. 
It contained phosphatidic acid, identified by chromatographic comparison with synthetic 
distearoylglycerol l-phosphate.1_ The solution was evaporated at room temperature to 0-5 ml., 
and chloroform (10 ml.) and 0-02N-hydrochloric acid (5 ml.) were added. After shaking, the 
aqueous layer was extracted with portions (4 ml.) of ether, light petroleum, and isobutyl alcohol, 


34 Similar results were obtained by Dr. C. E. Ballou for the compound from soya-bean inositide 
(personal communication). 
% B. F.C. Clark, J. Chromatog., 1961, 5, 368. 
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and all the organic phases were combined and taken to dryness in vacuo. The residue was 
dissolved in 0-5N-sodium hydroxide (5 ml.), the gel was diluted with water (15 ml.), and the 
solid fatty acids were filtered off. The solution was acidified (Dowex-50) and extracted with 
ether (10 ml.), and the aqueous phase neutralised with cyclohexylamine in the usual way. 
Paper chromatography showed the presence of glycerol 1-phosphate (but none of the 2-isomer) 
and some orthophosphate. These were separated by preparative paper chromatography, 
and the glycerol 1-phosphate was reconverted into its biscyclohexylammonium salt which 
crystallised from ethanol—-ethyl acetate (12 mg., 28%). It was identical with the synthetic 
racemic salt %* on chromatography and electrophoresis and gave a positive periodate-Schiff 
reaction. 

Configuration of Above Glycerol 1-Phosphate.—The method was essentially that of Bublitz 
and Kennedy.** The above cyclohexylammonium salt (0-5 mg.) was incubated with coenzyme I 
(3-6 mg.) and an aqueous solution of muscle «-glycerophosphate dehydrogenase (L. Light and 
Co. Ltd.) (0-2 mg.) in hydrazine hydrochloride buffer (pH 9; 2 millimoles in 4 ml.) at 37° for 
45 min. A blank, without enzyme, was also run. Formation of reduced coenzyme I (Amax. 
338 mu) was observed in presence, but not in absence, of the enzyme. The reaction mixture 
was concentrated to 0-2 ml. and N-sodium hydroxide added to pH 14. After 3 hr. at room 
temperature electrophoresis in a pyridine acetate buffer (pH 4-25) showed that no glycerol 
phosphate remained and that orthophosphate had arisen from the alkali-labile dihydroxy- 
acetone phosphate. 


Thanks are tendered to Sir Alexander Todd for his encouragement, to the D.S.I.R. for a 
Maintenance Award (to B. F. C. C.), to the Salters’ Company for a Fellowship (to R. L.), and to 
the Rockefeller Foundation for financial support. 
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36 Brown, Hall, and Higson, J., 1958, 1360. 
37 Bublitz and Kennedy, J. Biol. Chem., 1954, 211, 951. 





733. Mixtures of Halogens* and Halogen Polyfluorides as Effective 
Sources of the Halogen Monofluorides in Reactions with Fluoro- 
olefins. 

By R. D. CHAMBERS, W. K. R. MuscRAvE, and J. Savory. 


Mixtures containing bromine trifluoride and bromine, or iodine penta- 
fluoride and iodine, can be effective sources of ‘‘ bromine fluoride’”’ and 
“iodine fluoride,’’ respectively; they are useful for the preparation of 
bromo- and iodo-fluoroalkanes; similarly, a mixture of bromine and chlorine 
acts as a source of bromine chloride. Hexafluoropropene yielded the new 
fluorohalogenoalkanes CF,°CFBr-CF, and CF,°CFI-CF,; the addition of 
iodine bromide and iodine chloride to chlorotrifluoroethylene has been 
investigated; and addition of interhalogen compounds to fluoro-olefins is 
discussed. 


BROMINE TRIFLUORIDE and iodine pentafluoride are extremely reactive and have been used 
alone for the preparation of bromo- +" and iodo-fluoroalkanes. Banks e¢ al.®* prepared 
trifluoroiodomethane and pentafluoroiodoethane by the reaction of iodine pentafluoride 
with carbon tetraiodide and tetraiodoethylene, and Emeléus and Haszeldine * obtained 
pentafluoroiodoethane from 1,2-di-iodotetrafluoroethane. The reactions of bromine 
trifluoride and iodine pentafluoride with fluoro-olefins, however, have not been investigated 

* Halogen, in the sense used in this paper, does not include fluorine. 

+t Preliminary communication, Proc. Chem. Soc., 1961, 113. 


1 Nutting and Petrie, U.S.P., 1,961,622/1934. 
2 (a) Banks, Emeléus, Haszeldine, and Kerrigan, /., 1948, 2188; (b) Emeléus and Haszeldine, /., 
1949, 2948. 
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extensively whereas reactions between other, much less reactive interhalogen compounds 
and fluoro-olefins are quite well known. Simons and Brice * investigated some reactions 
of iodine pentafluoride and higher iodine fluorides with fluoro-olefins at 175—250°, in the 
gas phase, for the purpose of preparing fluorocarbon iodides. The yields, although not 
stated, are necessarily limited by the fact that only one of the fluorine atoms in a particular 
molecule of iodine pentafluoride can react to yield fluorocarbon iodide; two remaining 
molecules of fluorine per molecule of iodine pentafluoride are then available for reaction 
with the fluorocarbon iodide, thus reducing the yield: RyI + 3F, —» R;F + IF;. 

It has now been found that yields of fluorocarbon bromides and iodides obtained by 
reaction of fluoro-olefins with bromine trifluoride and iodine pentafluoride, in the liquid phase, 
under autogenous pressure, may be substantially increased by the addition of a quantity of 
bromine or iodine, as the situation requires, sufficient to make the mixtures equivalent to 
the halogen monofluoride.{ ‘‘ Bromine fluoride”’ and “ iodine fluoride ”’ reacted with 
hexafluoropropene, giving 2-bromoheptafluoropropane (I) and heptafluoro-2-iodopropane 
(II) respectively. That the compounds had structures (I) and (II) and not (III; X = 

CF,°CFBrCFs CF,CFI*CFs CF,°CF*CF,X 

(1) (IT) (IIT) 

Br or I), was deduced from their 8F resonance spectra, both of which consisted of a low- 
field doublet and a high-field septet, and the intensity distribution was consistent with 
structures (I) and (II). Further evidence was provided by the observed chemical shifts. 
Heptafluoro-2-iodopropane (II) was easily coupled on irradiation with ultraviolet light in 
the presence of mercury and gave an excellent yield (96-5°%) of a new fluorocarbon, per- 
fluoro-2,3-dimethylbutane, (CF,),CF*CF(CF,),. Hydrolysis of the iodide (II) by potassium 
hydroxide in acetone proceeded at room temperature and gave the known 2H-heptafluoro- 
propane (75%), CF,°CHF-CF;, proving conclusively the assigned structure (II). 

Trifluoromethyl-, pentafluoroethyl-, and heptafluoropropyl-lithium derivatives and 
Grignard reagents have been reported but only the heptafluoropropyl compounds seem to 
have been established with absolute certainty. Heptafluoro-2-iodopropane is equally 
capable of yielding organometallic derivatives; (CF;),CF-Li and (CF,),CF*MgBr can be 
formed by exchange reactions at low temperature, and (CF;),CF,ZnI by reaction with 
zinc in dioxan. The behaviour of these compounds will be described later. 

Fluoroalkyl and halogenofluoroalkyl bromides and iodides and bromoundecafluoro- 
cyclohexane have been prepared from the olefins tetrafluoroethylene, hexafluoropropene, 
1,1-difluoroethylene, chlorotrifluoroethylene, and perfluorocyclohexene, according to the 
general reaction: 

CFZ:CXY ++ MF —t M+[CFZ-CXY]}+F 


where M= Brorl; XY = F,, F/CF;, or F/Cl; Z=F 
or M=!; XY=H,; Z=F 
or M= Br; ZY= UFFale “Ty Fals’ X=F 





The reactions are included in Table 1. Thus, mixtures of bromine trifluoride and bromine, 
or of iodine pentafluoride and iodine, are effective sources of bromine fluoride and iodine 
fluoride, respectively. We also found, as have other workers,® that a mixture of chlorine 
and bromine can be an effective source of bromine chloride, and one of the products 
obtained by the reaction of “‘ bromine fluoride ”’ with chlorotrifluoroethylene, CF,Cl-CF,Br, 
was conveniently synthesised by the reaction of an equimolar mixture of bromine and 
chlorine with tetrafluoroethylene: Cl, + Br, + 2C,F,—» 2CF,CI-CF,Br. 


t These mixtures are often referred to as ‘‘ bromine fluoride”’ and “‘ iodine fluoride’ 


’ Simons and Brice, U.S.P. 2,614,131/1952. 
* See Lagowski, Quart. Rev., 1959, 18, 240, for a review of these derivatives. 
5 Buckles, Forrester, Burham, and McGee, J. Org. Chem., 1960, 25, 24. 
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Only very recently ® has iodine monofluoride been prepared, although Durie? earlier 
observed it spectroscopically. Bromine fluoride has never been isolated but conducto- 
metric measurements by Quarterman e¢ al.8 provide evidence for its formation when bromine 
is dissolved in bromine trifluoride. Many complicated reaction schemes, involving the 


TABLE l. 
Olefin Reaction Products 
CF CF, lg + IF; C.F, (86%) 
CF,-CF, Br. + BrF, C,F,Br 
CF,:CF, Br, + Cl, CF,CI*CF,Br 
CFy°CF-CF, le + IF; CF,°CFI*CF, (99%) 
CF,°CF:CF, Br, + BrFs CFy°CFBr°CF, (45:5%) 
CF,:CH, lp + IF, CF,*CHgl (86%) 
CF,:CFCI lp + IF, CFal*CFgCl (45%) + CFg*CFCIl (37%) 
CF,:CFCI Br, + BrF, CF,Br°CF,Cl (73%) + CF,CFCIBr (13%) 
CF,:CFCI ICI CFgl*CFCl, (29%) + CFgCl*CFCIl (57%) 
CF,.CFCI IBr CFal*CFCIBr (14%) + CF,BreCFCil (44%) 
cyclo-C6F 19 Br. + BrF; cyclo-C,F,,Br (78%) 
CCuLCCL, lo + IF; CCI,F*CCI,F (51%) 
CF,:CCl, I, + IFs CF5*CFCle (25%) + CFel*CClaF (31%) + CFg*CClol (23%) 


self-ionisation of the halogen fluorides,? may be devised to account for the reactions 
between bromine trifluoride plus bromine, and iodine pentafluoride plus iodine, with 
fluoro-olefins but the mode of addition is most easily explained in terms of the formation 
of halogen monofluorides: 
IF, + 2p === SIF 
b+ 8— 8+ 8- 
I—F + CFg==CF*CFy —t> CF,°CFI‘CF, 

Many workers have shown that nucleophilic addition to fluoro-olefins occurs very 
easily and that olefins containing a terminal difluoromethylene group are the most 
reactive; 1° the nucleophile invariably becomes attached to the difluoromethylene group. 
This situation can be rationalised by considering the ability of fluorine atoms in a difluoro- 
methylene group to “ back-donate ”’ non-bonding #-electrons to the olefinic double bond. 
In hexafluoropropene the effect of this ‘‘ back-donation ” and the strong inductive effect 
of the trifluoromethyl are complimentary : 

5— a ‘ 
CF,<-CF *, 


This has been confirmed by.the addition of ionic reagents to hexafluoropropene; 
hydrogen fluoride gives CF,-CHF-CF,™ and the base-catalysed addition of methanol 


a 
yields CF,-CHF-CF,"OMe.'* Similarly 1,1-difluoroethylene, CF,=CH,, yields CF,Br-CH,I 


5+ - 
with iodine bromide and chlorotrifluoroethylene, CF,—CFCl, yields products of the 
form CF,R-CHFCI (where R = ~OAlk, F-,” etc.). 

“Bromine fluoride’”’ and “iodine fluoride” gave specific addition products 
CF,-CFX-CF, (X = Br or I) with hexafluoropropene, and 1,1-difluoroethylene gave 
exclusively CF,°CH,I with “ iodine fluoride.” However, chlorotrifluoroethylene yielded 


* Schmeisser and Scharf, Angew. Chem., 1960, 72, 324. 

7 Durie, Proc. Roy. Soc., 1951, A, 207, 388. 

§ Quarterman, Hyman, and Katz, J. Phys. Chem., 1957, 61, 912. 

® See Clark, Chem. Rev., 1958, 58, 869, for a discussion of the self-ionisation of interhalogen com- 
pounds. 

10 Miller and Fainberg, ]. Amer. Chem. Soc., 1957, 79, 4164, and references cited therein. 

11 Miller, Fried, and Goldwhite, ]. Amer. Chem. Soc., 1960, 82, 3094. 

12 Knunyants, Shchekotikhim, and Folkin, Jzvest. Akad. Nauk S.S.S.R. Otdel. khim. Nauk, 1953, 


18 Haszeldine and Steele, J., 1954, 923. 
14 Miller, Fager, and Griswold, J. Amer. Chem. Soc., 1948, 70, 431. 
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mixtures of the isomers CF,*CFCIX and CF,X°CF,Cl (X = Br or I); this was particularly 
surprising since it has been reported that iodine bromide and iodine chloride add specifically 
to the olefin. Barr e¢ al. claimed that CF,Cl-CFCII was the only product from iodine 
chloride and chlorotrifluoroethylene, and Haszeldine ™ supported this conclusion since 
the iodide, on fluorination and subsequent dehalogenation, yielded tetrafluoroethylene; 
it was also claimed that iodine bromide and chlorotrifluoroethylene yielded CF,BreCFCII 
but no CF,I-CFCIBr. Since the addition of ‘‘ bromine fluoride ’’ and “ iodine fluoride ”’ 
to chlorotrifluoroethylene was not specific this was an apparent contradiction to the view 
that reactions of these mixtures with fluoro-olefins involve the monofluorides. 

However, the reactions of chlorotrifluoroethylene with iodine bromide and chloride 
have been reinvestigated and we have found that a substantial amount of both possible 
isomers was obtained in each case: 


2CF,:CFCI +- 21IX ——t CF,X°*CFCII + CF,I*-CFCIX (X = Br or Cl) 


The reactions were carried out in an autoclave under conditions similar to those used by 
Haszeldine; ® CF,Cl-CFCII and CF,I-CFCl, were separable by gas chromatography, and 
CF,I-CFCl, (together with CF,°CCl,I) was obtained independently from the reaction 
between “iodine fluoride” and 1,1-dichlorodifluoroethylene. When a mixture of 
CF,CI-CFCII and CF,I-CFCl, was irradiated with ultraviolet light, in the presence of 
mercury, CF,Cl-CFCII quickly reacted to give coupled products, whereas CF,I-CFCl, was 
relatively unchanged. Only partial separation of the peaks could be obtained when 
CF,Br-CFCII and CF,I-CFCIBr were examined by gas chromatography but, by collecting 
early and late cuts as the components emerged from the detector, two fractions with 
equivalent analysis but different infrared spectra were isolated. The isomers were 
distinguished by irradiation with ultraviolet light, in the presence of mercury: CF,BreCFCII 
coupled rapidly, leaving CF,I-CFCIBr relatively unchanged; the carbon-iodine bond in 
a group ~CFCII is much weaker than the corresponding bond in -CF,I. 

The “‘ halogen monohalides ”’ react with fluoro-olefins which contain no.other halogen, 
to give products which can be predicted by a consideration of the polarisation resulting 
from a difference in electronegativity between the halogens in the halogen halide, and of 
the point at which the nucleophile usually becomes attached to the fluoro-olefin. However, 
this situation does not apply when other halogens are present in the olefin; a steric factor 
appears to operate. Crowding will exist in a group -CFXY (X = Cl; Y = Br or I) and 
there will be a consequent tendency to resist its formation. Thus, this steric factor 
encourages the formation of CF,I-CFCIY (Y = Br, Cl, or F) from chlorotrifluoroethylene 
when other considerations predict only CF,Y°CFCII; 1,1-dichlorodifluoroethylene yielded 
CF,I-CFCl, and CF,*CCl,I with “ iodine fluoride ’”’ when only CF,°CCl,I might have been 
predicted. Probably this steric factor accounts for the fact that CFCI,°CFCl,, and not 
CFCI,°CCI,I, was isolated on reaction between “ iodine fluoride ’”’ and tetrachloroethylene. 


EXPERIMENTAL 


Unless otherwise stated, pressure reactions were performed in a stainless-steel autoclave 
(527 ml.). Gases were handled by standard high-vacuum techniques; molecular weights were 
determined by Regnault’s method. Analytical-scale vapour-phase chromatography was 
carried out in a Griffin—George’s mark II Bapparatus. A preparative-scale gas-chromatography 
unit for separating up to 10-g. quantities was constructed in the laboratory, involving a glass 
tube 5 m. in length and of 22 mm. internal diameter, containing the appropriate stationary phase 
supported on 44—60 mesh Celite. The detector involved a slight modification of that described 
by Musgrave,!* by allowing part of the gas-stream from the column to by-pass the detector. 
A Grubb-—Parsons type G.S.2A infrared spectrophotometer was used. 

18 (a) Barr, Gibson, and Lafferty, J. Amer. Chem. Soc., 1951, 78, 1352; (b) Haszeldine, J., 1952, 


4423. 
16 Musgrave, Chem. and Ind., 1959, 46. 
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General Note on Reactions of a Mixture of Iodine Pentafluoride and Iodine with Fluoro-olefins.— 
The molecular proportions used in these reactions were those required by the scheme 
5C:C + IF, + 21,—» 5CI-CF. Yields are based on the amount of olefin which reacted. 

Tetrafluoroethylene.—Teflon was pyrolysed at 550—600°/5 mm., giving tetrafluoroethylene 
(95%) which was purified by low-temperature distillation. An autoclave was charged with 
iodine pentafluoride (44-4 g., 0-2 mole), iodine (102 g., 0-4 mole), and tetrafluoroethylene (100 g., 
1-0 mole) and then rotated for 10 hr. without heating. The autoclave was vented through cold 
traps to condense volatile material, leaving unchanged iodine and a residual liquid. Fraction- 
ation of the volatile material and distillation of the residue afforded pentafluoroiodoethane 
(152 g., 86%) (Found: F, 38-2; I, 51-8%; M, 245-3. Calc. for C,F,I: F, 38-6; I, 51-6%; 
M, 245-9), and recovered tetrafluoroethylene (28-5 g.). A small amount of high-boiling 
material was obtained as residue, which was probably the di-iodide CF,I-CF,I. 

1,1-Difluoroethylene.—An autoclave, charged with iodine pentafluoride (18 g., 0-081 mole), 
iodine (40 g., 0-157 mole), and 1,1-difluoroethylene (25 g., 0-390 mole), was rotated for 15 hr. 
at 103°. The autoclave was vented through cold traps but no gaseous material was collected. 
The remaining liquid was washed free from iodine with dilute aqueous sodium thiosulphate, 
dried (CaCl,), and distilled, giving 1,1,1-trifluoro-2-iodoethane (70 g., 85-5%) (Found: I, 61-3%; 
M, 209. Calc. for C,H,F,I: I, 61-4%; M, 210), b. p. 54-8°, m,,%* 1-3980 (lit.,1”* 55°, 1-3981). 
Confirmation of structure was obtained by preparing an authentic sample, according to the 
method of Henne, Alm, and Smook !” from 2,2,2-trifluoroethanol (treatment of the toluene-p- 
sulphonate with sodium iodide). The authentic 1,1,1-trifluoro-2-iodoethane had an infrared 
spectrum identical with that of the reaction product, which was therefore not a mixture 
containing 1,1,2-trifluoro-1-iodoethane. 

Hexafluoropropene.—An autoclave, charged with iodine pentafluoride (29-5 g., 0-132 mole), 
iodine (67 g., 0-264 mole), and hexafluoropropene (100 g., 0-660 mole), was rotated for 24 hr. at 
150°. No gaseous material was vented from the autoclave; the residue was washed with 
aqueous alkaline thiosulphate, dried, and distilled, yielding heptafluoro-2-iodopropane (196 g., 
99%) (Found: F, 44-6; I, 42-9. C,F,I requires F, 44-9; I, 42-8%), b. p. 38°, 1,29 1-32631. Gas 
chromatography indicated that only one isomer was present; strong bands in its infrared 
spectrum at 7-75, 8-00, 8-42, 8-88, 10-40, 11-20, 13-25, 13-95, and 14-2 (doublet) distinguish 
CF,°CFI°CF, from CF,°CF,°CF,I, whose infrared spectrum is well known.!® 

Proof of Structure of Heptafluoro-2-iodopropane.—“F Resonance spectra. The spectra of 
liquid C,F,Br and C,F,I were determined by using a Varian 4300-B nuclear magnetic resonance 
spectrometer operating at 40 Mc./sec. Both spectra consisted of a low-field doublet and a 
high-field septet. The intensity distribution between the multiplets is consistent with the 
compounds’ being 2-bromoheptafluoropropane and _heptafluoro-2-iodopropane. Further 
evidence for their identity is provided by the chemical shifts; these were measured from 
trifluoroacetic acid (used as an external reference) to the centres of the multiplets: 


Doublet Septet Coupling 
(CF,°-CF-CF, group) (-CF* group) constants 
(cycles/sec.) (cycles/sec.) (cycles/sec.) 
I iiiccsssakeiloeien’ 32 2600 8-9 
I: datsinnnnshcicldlice Lgntadunen —82 2790 12-9 


Hydrolysis. Heptafluoro-2-iodopropane (4-5 g., 15-2 mmoles), potassium hydroxide (3-5 g., 
62-2 mmoles), and acetone (10 ml.), sealed under vacuum, were shaken at room temperature. 
Reaction was complete after 30 min.; the products were separated by fractionation in vacuo, 
yielding 2H-heptafluoropropane (1-95 g., 75%), identified by its infrared spectrum.?® 

Coupling Reaction: Preparation of Perfluoro-2,3-dimethylbutane.—Heptafluoro-2-iodo- 
propane (10 g., 0-0338 mole) and mercury (60 g.), contained in a Carius tube, sealed under 
vacuum, was irradiated with ultraviolet light and shaken for 3 days. The products were 
removed from the tube under a vacuum and separated hv gas chromatography (tritolyl phos- 
phate at 80°) into recovered heptafluoro-2-iodopropane (0-3 g.) and perfluoro-2,3-dimethyl- 
butane (5-5 g., 96-5%) (Found: F, 78-4%; M, 337-5. Calc. for C,F,,: F, 78:-7%; M, 338), 
b. p. 60-0°/756 mm., ,?° 1-31483. 

17 (a) Tiers, Brown, and Reid, J]. Amer. Chem. Soc., 1953, 75, 5978; (b) Henne, Alm, and Smook, 
ibid., 1948, 70, 1968. 

18 “ Fluorine Chemistry,”’ ed. Simons, Academic Press, New York, 1954, Vol. II, p. 475. 

1 Ref. 18, p. 472. 
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Chlorotrifluoroethylene.—1,1,2-Trichlorotrifluoroethane was dechlorinated by zinc dust in 
ethanol.2® The chlorotrifluoroethylene so produced was purified by distillation: An autoclave 
was charged with iodine pentafluoride (35 g., 0-158 mole), iodine (80-5 g., 0-317 mole), and 
chlorotrifluoroethylene (92-5 g., 0-794 mole) and rotated for 4 hr. without heating. The reaction 
was almost quantitative, giving a liquid product which, after being washed with alkaline 
thiosulphate, dried, and distilled, yielded a fraction, b. p. 53—57°, corresponding to chlorotetra- 
fluoroiodoethane (171 g., 82%) (Found: F, 29-4. Calc. for C,CIF,I: F, 29-0%). Analytical 
gas chromatography (tritolyl phosphate at 42°) showed the presence of two components and 
these were separated by collecting samples over several runs. The first component (55% of 
the mixture) was 1-chlorotetrafluoro-2-iodoethane (Found: F, 29-5. Calc. for C,CIF,I: 
F, 29-0%), b. p. 576°, 2,1%° 1-395 (lit.,24 56-5°, 1-393). An authentic sample of 1-chlorotetra- 
fluoro-2-iodoethane was prepared by reaction of iodine monochloride and tetrafluoroethylene 
in an autoclave at 50—60°; the infrared spectrum and retention time were identical with 
those of the above sample. The second component (45% of the mixture) was therefore 1-chloro- 
tetrafluoro-1-iodoethane (Found: F, 28-7. C,CIF,I requires F, 29-0%), b. p. 57-7°, n,?5 1-3900; 
its infrared spectrum contained strong bands at 7-80, 8-15, 8-25, 8-42, 8-85, 9-12, 10-88, 11-69 
(sh), 11-88, 13-78, 13-82, and 13-92 yu (triplet). 

The second component, CF,°CFCII, liberated iodine on exposure to air and light much more 
readily than the first. 

1,1-Dichlorodifluoroethylene.—An autoclave charged with iodine pentafluoride (7-3 g., 0-033 
mole), iodine (16-8 g., 0-066 mole), and 1,1-dichlorodifluoroethylene (22-0 g., 0-165 mole) was 
rotated for 6 hr. at 170°. After treatment with aqueous alkaline thiosulphate, the mixture 
was fractionated in vacuo, yielding 1,1-dichlorotetrafluoroethane (5-9 g., 25%) and recovered 
1,1-dichlorodifluoroethylene (3-49), which were purified by gas chromatography (Found: 
F, 44-4; Cl, 41-3%; M, 171. Calc. for C,Cl,F,: F, 44-5; Cl, 415%; M, 171), and a less 
volatile liquid fraction (21 g.). Gas chromatography showed that this material consisted of 
two components which were separable on the preparative-scale apparatus. The first component 
(57% of the mixture) was identified as 1,1-dichlorotrifluoro-2-iodoethane (12 g., 31%) (Found: 
F, 20-7. C,Cl,F;I requires F, 20-4%), b. p. 98°/763 mm., m,,?° 1-44450. The infrared spectrum 
was identical with that of one of the isomers obtained from the addition of iodine mono- 
chloride to chlorotrifluoroethylene (see below), containing strong bands at 8-41, 8-60, 9-00, 
9-82, 9-95 (sh), 11-07, and 13-30 u. The second component (43% of the mixture) must then be 
1,1-dichlorotrifluoro-1l-iodoethane (9 g., 23%) (Found: F, 20-6. C,Cl,F,I requires F, 20-4%): 
its infrared spectrum contained strong bands at 8-06, 8-20, 11-89, 12-78, and 14:32 yu. On ex- 
posure to air or sunlight CCl,I-CF, liberated iodine much more quickly than CCl,F-CF,I. 

Tetrachloroethylene.—An autoclave was charged with iodine pentafluoride (44-4 g., 0-20 
mole), iodine (101-6 g., 0-40 mole), and tetrachloroethylene (165-9 g., 1-00 mole) and rotated for 
12 hr. at 110°. When the autoclave was vented, it was observed that the reaction had not 
proceeded sufficiently, so the recovered material was replaced, and the autoclave was resealed 
and rotated at 190° for a further 4 hr. After the removal of iodine, the products were distilled 
through a concentric-tube column (20 theoretical plates), and a fraction of b. p. 92—93° (41-5 g., 
51%) was collected, corresponding to tetrachloro-1,2-difluoroethane (Found: F, 18-8; Cl, 69-1. 
Calc. for C,Cl,F,: F, 18-6; Cl, 69-6%), b. p. (centre cut) 93-0° (lit.,22 93-0°). The residue 
(100 g.) consisted of unchanged tetrachloroethylene. 

General Note on Reactions of Fluoro-olefins with a Mixture of Bromine Trifluoride and 
Bromine.—The molecular proportions used in these reactions were those required by the 
scheme 3C:C + BrF, + Br, —» 3CF-CBr. : 

Tetrafluoroethylene.—An autoclave charged with tetrafluoroethylene (16-9 g., 0-169 mole), 
bromine trifluoride (7-7 g., 0-0562 mole), bromine (9 g., 0-0563 mole), and 1,1,2-trichloro- 
trifluoroethane (230 g.), as diluent, was rotated for 2 hr. without heating (a previous reaction, 
without diluent, was very vigorous, causing decomposition and formation of carbon tetrafluoride). 
Gaseous material vented from the autoclave, and that produced by refluxing the solvent, 
consisted of tetrafluoroethylene (2 g.) and bromopentafluoroethane (2 °\ ‘Found: F, 47:7; 
Br, 39-5%; M, 201. Calc. for C,BrF;: F, 47-7; Br, 40-2%; M, 199) (correct infrared 





20 Buxton, Ingram, Smith, Stacey, and Tatlow, /J., 1952, 3830. 
21 Haszeldine, J., 1953, 2075. 
22 Miller, J. Amer. Chem. Soc., 1940, 62, 341. 
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spectrum *%). No further amount of bromopentafluoroethane could be obtained from the 
residual solvent by distillation but separation of an aliquot part by preparative-scale gas 
chromatography (tritolyl phosphate at 20°) showed that a considerable quantity of bromo- 
pentafluoroethane (18 g.) remained inseparable from the solvent. 

Hexafluoropropene.—An autoclave charged with hexafluoropropene (25 g., 0-167 mole), 
bromine trifluoride (7-5 g., 0-055 mole), and bromine (9 g., 0-056 mole) was rotated for 2 hr. 
without heating. The gaseous products were distilled at atmospheric pressure, yielding 
2-bromoheptafluoropropane (16 g., 45-5%), contaminated with a small amount of hexafluoro- 
propene. A pure sample was obtained by preparative-scale gas chromatography (tritolyl 
phosphate at 20°) (Found: F, 53-8; Br, 31-2%; M, 248. C,BrF, requires F, 53-4; Br, 32-1%; 
M, 248-9). Strong infrared bands at 7-74, 8-07, 8-81, 10-38, 10-73, 13-17 (sh), 13-23, 13-30 (sh), 
13-92 (sh), and 14-00 pu distinguished this compound from 1-bromoheptafluoropropane.’* The 
structure of this compound was also confirmed by ¥8F resonance measurements (see under 
heptafluoro-2-iodopropane). The remaining gaseous material (3-8 g., condensing at —183°) 
was unchanged hexafluoropropene. 

Chlorotrifluoroethylene.—An autoclave charged with bromine trifluoride (20-5 g., 0-148 mole), 
bromine (24 g., 0-150 mole), chlorotrifluoroethylene (145 g.), and 1,1,2-trichlorotrifluoroethane 
(154 g.) was rotated for 2 hr. without heating. Unchanged chlorotrifluoroethylene (7 g.) was 
vented from the autoclave and separation of aliquot parts of the residue by both preparative 
and analytical-scale gas chromatography (dinonyl phthalate at 50°) showed, apart from the 
solvent peak, a single peak of material whose analyses indicated bromochlorotetrafluoroethane 
(72 g., 86%) (Found: F, 34:9%; M, 216-7. Calc. for C,CIBrF,: F, 35:°3%; M, 215-4). The 
infrared spectrum contained, not only the bands corresponding to 2-bromo-1-chlorotetrafluoro- 
ethane (prepared from tetrafluoroethylene and a mixture of bromine and chlorine; see below), 
but also strong bands at 7-74, 8-02, 8-15 (doublet), 10-73, 11-39, 13-16, 13-25, and 13-33 pu 
(triplet) that were attributed to 1-bromo-1-chlorotetrafluoroethane. The relative proportions 
of these isomers were estimated by using a calibration graph drawn for the infrared absorption 
bands at 9-62 and 11-10 » in the spectrum of CF,Br-CF,Cl. The mixture contained 85% of 
CF,CI-‘CF,Br. Distillation of the solvent residue through a packed column (80 cm.) yielded a 
fraction, b. p. 21—23°, which was pure bromochlorotetrafluoroethane (mixture of isomers). 

Synthesis of 2-Bromo-1-chlorotetrafluoroethane.—An autoclave, charged with bromine (65 g., 
0-813 mole), chlorine (29 g., 0-817 mole), and tetrafluoroethylene (81-7 g., 0-817 mole), was 
rotated for 2 hr. without heating. The contents of the autoclave were vented through cooled 
traps, and products were separated from unchanged tetrafluoroethylene by fractionation 
in vacuo. Gas chromatography (tritolyl phosphate at 42°) showed that the product contained 
3 components, which were then separated. One of these components was 2-bromo-1-chloro- 
tetrafluoroethane (Found: F, 34:7%; M, 216-8. Calc. for C,CIBrF,: F, 35-3%; M, 215-4), 
Vmax. (Strong) 7-92, 8-40, 8-79, 9-62, 11-10, 11-35 (sh), and 12-32 u. The other two components 
were not investigated but were probably CF,Cl-CF,Cl and CF,Br-CF,Br. 

Decafiuorocyclohexene.—An autoclave (10 ml. capacity), charged with decafluorocyclohexene 
(6-5 g., 24-8 mmoles), bromine trifluoride (1-13 g., 8-25 mmoles), and bromine (1-32 g., 8-26 
mmoles), was shaken for 26 hr. at 265°. Bromoundecafluorocyclohexane (7 g., 78%) was 
obtained (Found: F, 57-6; Br, 23-2. Calc. for C,BrF,,: C, 57-9; Br, 22-2%), b. p. 92°/735 
mm. (lit.,24 90—92°), having ,?° 1-32206. . 

Addition of Iodine Monochloride to Chlorotrifluoroethylene.—An autoclave charged with iodine 
monochloride (28 g., 0-172 mole) and chlorotrifluoroethylene (20 g., 0-172 mole) was rotated 
for 3 hr. at 45°. <A purple liquid (45 g.) was recovered from the autoclave; this liquid was 
washed with aqueous alkaline thiosulphate, dried (MgSO,), and distilled; the bulk of the 
material boiled at 97—-101° (41 g.).. Gas chromatography showed that the distillate consisted 
almost entirely of two components (33% and 67%) whose retention times did not differ suffi- 
ciently to allow complete separation. However, pure samples of each component were obtained 
by collecting early and late cuts corresponding to the chromatogram. That complete separation 
had been achieved could be observed from the infrared spectra which differed completely: 
the first component (Found: F, 19-6. Calc. for C,C],F,I: F, 20-4%) had a spectrum identical 
with that of 1,1-dichlorotrifluoro-2-iodoethane, being one of the isomers obtained from the 
addition of iodine pentafluoride and iodine to 1,1-dichlorodifluoroethylene (see above). The 


°3 Ref. 18, p. 474. 
24 Lazerte, Pearlson, and Kauck, U.S.P. 2,647,933/1953. 
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second component was therefore 1,2-dichlorotrifiuoro-1-iodoethane (Found: F, 19-8, C,Cl,F;I 
requires F, 20-4%); the infrared spectrum of CFCII-CF,Cl contained strong bands at 8-34, 
8-48 (doublet), 8-60 (sh), 9-06, 9-68, 11-49, 12-01, 12-50, and 13-52 u. This was confirmed by 
irradiating a mixture of CFCl,*CF,I and CFCII-CF,Cl with ultraviolet light, in the presence 
of mercury: the isomer to which the formula CFCII-‘CF,Cl has been assigned, coupled very 
rapidly, leaving CFCI,°CF,I relatively unchanged. 

Addition of Iodine Monobromide to Chlorotrifluoroethylene——An autoclave charged with 
iodine monobromide (142 g., 0-686 mole) and chlorotrifluoroethylene (81 g., 0-695 mole) was 
rotated for 2 hr. at 100°. The products were washed with aqueous alkaline thiosulphate and 
distilled under reduced pressure, giving a colourless distillate (168 g.) which rapidly liberated 
iodine on exposure to light. Preparative-scale gas chromatography showed that the distillate 
contained 1,2-dibromo-1l-chlorotrifluoroethane (38 g.) (Found: F, 20-2. Calc. for C,Br,CIF;,: 
F, 20-6%), and two other components (24% and 76%) with similar retention times. A pure 
sample of the last component was collected (tritolyl phosphate at 110°) which was 2-bromo-1- 
chlorotrifiuoro-1-iodoethane, CFCII-CF,Br (Found: F, 17-3. C,BrClF,I requires F, 17-6%), 
having strong infrared bands at 8-39 (sh), 8-48, 9-05, 9-88, 11-43 (sh), 11-54, 12-00, 12-09 (doublet), 
13-02, and 14:20. The other isomer, 1-bromo-1-chlorotrifluoro-2-iodoethane, CFCIBr-CF,I, was 
obtained by irradiating a portion of the mixture with ultraviolet light, in the presence of 
mercury: CFCII-CF,Br reacted very quickly, leaving unchanged CFCIBr-CF,I which was 
isolated by gas-chromatography (tritolyl phosphate at 130°) (Found: F, 18-0. C,BrCIF,I 
requires F, 17-6%), b. p. 120-1°/768 mm.; CFCIBr-CF,I had strong infrared bands at 8-30, 
8-45, 8-60 (doublet), 9-02, 9-30 (sh), 9-42, 11-30, 11-58, 12-03, 13-40, 13-51, and 14-17 u. 

Halogen Analyses.—These were carried out by the biphenyl-sodium method of decom- 
position; * it is ideal for application to halogen-containing gases.** 
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734. The Tannins of Tara, Caesalpinia spinosa (Mol.) Kuntze. 
By D. F. Horier and H. E. NuRSTEN. 


A method has been devised for purifying the tannins of tara powder. 
Evidence has been adduced to show that one of the principal fractions of 
an ethanolic extract is a single substance with the constitution of a tetra- 
galloylquinic acid. The two main fractions of an aqueous extract have 
also been investigated: each contains a digalloylquinic acid. Free quinic and 
shikimic acid are also present in tara powder. 


THE tara shrub is a legume native to the northern part of South America, where it is widely 
distributed. The tannin concentration is greatest in the pods, which are pale yellow 
and/or red and when crushed constitute the tara powder of commerce. 

We have isolated from its ethanolic extract one of the main components of high mole- 
cular weight, designated A, as an amorphous solid. It is characterised by its specific 
rotation, its partition coefficient in two solvent systems, and an acetyl derivative with a 
definite melting point and specific rotation. Evidence of purity is provided by the close 
agreement of its counter-current distribution curve with a theoretical one and by paper 
chromatography. On complete hydrolysis it yields only gallic and quinic acid, the 
identification of the latter having been greatly facilitated by Haworth and Jones’s? prior 
discovery of quinic acid as a degradation product of substances present in tara extracts. 


1 Haworth and Jones, personal communication, December, 1958. 
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Compound A is a tetragalloylquinic acid on the basis of its elementary analysis, its equiv- 
alent weight, its pK value of <3-6, and estimation of the gallic acid content by two methods 
and of the gallic : quinic acid ratio (see Table 1). This constitution also accounts for the 
negative optical rotation * and the high tanning acidity * of tara extracts. Table 1 also 
gives data for some other fractions isolated (see Experimental section). 


TABLE 1. Analytical results for materials isolated. 


Substance: ag Q’ Q” BC A A’ A” 
Equiv. wt. (to pH 5-6) 392 = = -- 855 829 -— 
CCE axcapsnesenasanss 51-05 =552-75, 52-45 52-35 51-65 52-3 52-6 52-4, 52-6 
_ | | Beeman 4-0 4:35, 4-35 4-25 3-7 3-9 3-9 3-55, 3-5 
Gallic acid, % determined: 
spectroscopically ... 60 72 72 77 — 79 82 
direct method ...... 53, 51 — 61, 61,59 67, 67, 67 -- 73, 76,73 71, 73, 74 
aren saminsvsexces 58, 57 77 69, 69,69 75, 75, 75 -- 77, 82, 80 76, 79, 81 
Calculated for galloylquinic acids 
Monogalloyl Digalloyl Trigalloyl Tetragalloyl Pentagalloyl 
BI: TE secntssccorcens 344 496 648 800 952 
Ge cacicccaipunanetecens 48-8 50-8 51-9 52-5 52-9 
| RRR SAR 4:7 4-0 3-7 3-5 3-4 
Gallic acid (%) ......... 49-4 68-5 78-6 85-0 89-2 


Similar, though not as extensive, evidence was obtained of the presence, in addition to 
the tetragalloylquinic acid, of trigalloyl- (BC), digalloyl- (P and Q), and monogalloyl- 
quinic acids. The identity of one component with theogallin, a monogalloylquinic acid 
first isolated by Cartwright and Roberts 4 from green tea, was proved by paper chromato- 
graphy, confirming Haworth and Jones’s work. Digalloylquinic acids predominate in 
aqueous extracts, whereas compounds of higher molecular weight are the main components 
of ethanolic extracts, the difference being attributed to the activity of enzymes. 

Digallic and probably trigallic acid are present in partial hydrolysates of acid A, 
implying that this is a galloyl(trigalloyl)quinic acid, whereas the absence of digallic acid 
in the case of acids P and Q implies that they are bisgalloylquinic acids. 

The polyphenols of tara powder comprise a family of closely related polygalloyl- 
acids, with a maximum number of galloyl groups per molecule greater than four. The 
constitution ‘of the hydrolysable tannins known at present is based entirely on sugars 
acylated with gallic acid and other acids closely related to it,-such as digallic, dehydro- 
digallic, hexahydroxydiphenic, chebulic, and brevifolincarboxylic acid. The tannins 
in which the place of the sugar is taken by quinic acid therefore provide a new sub-group. 
Direct evidence of the presence in one tanning material of substances containing different 
numbers of galloyl residues has not been previously available. 

Free shikimic and quinic acid were detected chromatographically in the ethanolic 
extract. The only important tanning materials in which these acids had beer identified 
previously are sumac 5 and myrobalans ° and their presence led both Hathway ® and Burton 
and Nursten ? to postulate that gallic acid was formed in plants by Davis’s shikimic acid 
route. The surprising fact about the tannins of tara is that quinic acid has taken the 
place of glucose and not that of a galloyl residue of the classical gallotannin molecule, 


2 Duff, in Harvey’s “‘ The Chemistry of Vegetable Tannins,’”’ Society of Leather Trades’ Chemists, 
Croydon, 1956, p. 65. 

% Ghosh, Thesis, Leeds University, 1956. 

* Cartwright and Roberts, J. Sci. Food Agric., 1954, 5, 593; cf. Roberts and Myers, ibid., 1958, 9, 
701. 

5 Catravas, Thesis, Leeds University, 1947; Catravas and Kirby, J. Int. Soc. Leather Trades’ 
Chemists, 1948, 32, 155; Henderson, personal communication, June, 1959; Haslam, personal communic- 
ation, April, 1960. 

6 Hathway, Biochem. J., 1956, 68, 380; ref. 2, p. 99. 

7 Burton and Nursten, ref. 2, p. 57. 
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though the latter possibility follows more directly from the biogenetic scheme. 
of this type have yet to be found in Nature. 


Compounds 





EXPERIMENTAL 


M. p.s are corrected. Preparative evaporations were carried out under nitrogen. For 
carbon and hydrogen analyses we are indebted to Mr. F. R. Daubney. Analyses given in 
the Table on p. 3787 are not repeated; samples were dried at 100° in vacuo. 

Paper Chromatography.—The ascending method, with Whatman No. 2 papers, 10’’ square, 
in glass tanks kept in a room at 20° + 1°, was used throughout. Three solvent systems were 
employed: (X) 2% v/v aqueous acetic acid; (Y) butan-l-ol—acetic acid—water (4: 1: 2-2 v/v), 
and (Z) benzyl alcohol—t-butyl alcohol—propan-1l-ol—water—90% formic acid (75: 25: 25: 25:3 
v/v). Two-way chromatography in solvent X followed by Y was used throughout for phenolic 
materials.* Characterisation of quinic and shikimic acid was carried out one-dimensionally 
in solvents Y and Z.6 Though separation usually improves, the Ry values in solvent Y decrease 
with time. The dry chromatograms were examined in ultraviolet light, mainly of 254 my 
(Hanovia ‘‘ Chromatolite ’’), aromatic compounds appearing as dark areas against the fluores- 
cence of the paper. For polyphenols, a spray containing both ferric and ferricyanide ions was 
found most effective, considerably exceeding ultraviolet light in sensitivity since it can detect 
about 0-01 ug. of gallic acid. Quinic and shikimic acid were detected by means of aqueous 
sodium metaperiodate, followed after 20 min. by ethanolic piperazine and then ethanolic 
sodium nitroprusside,® whereas spraying with 3% ethanolic aniline immediately after a buffered 
solution of sodium metaperiodate showed shikimic acid as a bright red spot,!® and quinic acid 
gave a white area against the discoloured background. The nitroprusside spray is sensitive 
to about 0-1 ug. of quinic acid; the aniline spray is the more sensitive for shikimic acid. For 
sugars, butanolic aniline phthalate was used.! 

Each spot on a chromatogram does not necessarily represent only a single substance and 
letters are used to refer to average positions on the X/Y chromatogram in terms of Ry values 
as follows: 


x b 4 xX Y x = x = 
0-02 0-49 | fer 0-03 0-68 eee 0-59 0-40 ee 0-00 0-23 
D sccccsaes 0-06 0-47 ae 0-15 0-65 OR scecns 0-65 0-31 Pi issnias 0-78 0-83 
O vereceees 0-10 0-44 BR dence 0-31 0-59 suntan 0-42 0-73  . nasdas 0-68 0-68 
GE csecnowns 0-09 0-39 P vstcieins 0-35 0-45 D sacin 0-19 0-43 Scenes 0-93 0-24 
© <ccavieus 0-18 0-40 De kcsest 0-40 0-33 oo 0-19 0-48 


Preparation of the Aqueous Extract of Tava Powder.—Tara powder (400 g.; moisture content 
10-5%) was made into a slurry with an equal volume of acid-washed silver sand (1100 ml.) 
and poured into a wide glass tube. Next morning, water was passed through the mixture, 
pressure being applied to overcome the clogging due to swelling. On the fourth day, the eluate 
was colourless, 1600 ml. with a solids content of 250 g. having been collected. The bulk of this 
solution (1500 ml.) was evaporated to 870 ml. during 7 days at 30—40° and 770 ml. of the 
concentrate were continuously extracted at pH 6-5 for 3 days with ethyl acetate under a 
vacuum.!*, The solution was then brought to pH 2-5 with phosphoric acid and continuously 
extracted with two successive lots of ethyl acetate under a vacuum during 4 days. The various 
ethyl acetate extracts were evaporated under a vacuum and the yields determined by drying 
to constant weight at 100°. These were: pH 6-5 extract, 0-8%; pH 2-5 extract I, 18-7%; and 
pH 2-5 extract II,9-3%. The pH 6-5 extract, on chromatography, gave one main spot in position 
h and the presence of gallic acid was confirmed by Young’s test (potassium cyanide). The two 
pH 2-5 extracts gave similar chromatograms, the major components being at p and q. 

Preparation of the Ethanolic Extract of Tara Powder.—Tara powder (600 g.), in a slurry with 
95% ethanol (11.), was poured into a glass tube as in the preceding experiment. Next morning, 
the extract was slowly run off, further 95% ethanol (3250 ml.) being added gradually at the 
top. The eluate was evaporated under reduced pressure at 30—40° and the residue (III) dried 


8 Roberts and Wood, Biochem. J., 1953, 58, 332. 
* Cartwright and Roberts, Chem. and Ind., 1955, 230. 

10 Yoshida and Hasegawa, Arch. Biochem. Biophys., 1957, 70, 377. 
11 Partridge, Nature, 1949, 164, 443. 

12 Schmidt and Nieswandt, Annalen, 1950, 568, 165. 
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in a vacuum-oven at room temperature to constant weight (351 g., 58%). 59% of material 
(III) is soluble in ethyl acetate. 

A water extract of the residual tara powder gave spots on the chromatogram in positions 
k, l, h, d, and c, the last two being less marked. No spot at p or g was observed. 

Purification of Material (III) by Precipitation from Ethyl Acetate with Benzene.—A solution 
of material (III) (200 g.) in water (300 ml.) was shaken with water-saturated ethyl acetate 
(500 ml.), and the organic layer was removed, and dried overnight (Na,SO,, 100 g.). The 
sodium sulphate was filtered off and washed with ethyl acetate (150 ml.). To the filtrate 
combined with the washings was added benzene (250 ml.) with stirring, precipitating a brown 
gum. The mother liquid was decanted and gave no further precipitate with benzene. The 
gum was dissolved in ethyl acetate (250 ml.) and reprecipitated with benzene (250 ml.), this 
process being repeated five times, at which point the precipitate was brown at first, followed by 
a large amount of white. The solid was next dissolved in ethyl acetate (250 ml.), and only 
sufficient benzene (160 ml.) was added to precipitate the brown substance. To the decanted 
liquor was added further benzene (340 ml.), and the resulting white material was collected. 
The process was repeated on the brown substance until no more white precipitate could be 
obtained from it (residue of brown substance, 6 g.). The white precipitates were combined 
(65 g.) and submitted again to the fractional precipitation, giving a material (IV) (33 g.), [aJ,,* 
— 106° (in ethyl acetate, c 0-6), and 1 g. of brown material. Material (IV), on treatment with 
acetic anhydride and pyridine at room temperature, followed by precipitation in water and two 
recrystallisations from ethanol, gave colourless spherulites, m. p. 150—153°, [a],2% —70° (in 
ethyl acetate, c 0-6). After ten further recrystallisations, these had m. p. 148—152°, [a], 
—70-5° (in ethyl acetate, c 0-3). The acetylated material was insoluble in water or ether, but 
soluble in hot methanol, ethanol, or benzene, and in cold ethyl acetate, acetone, or chloroform. 

Counter-curvent Distribution.—This was carried out in a manually operated, 50-tube machine, 
supplied by Quickfit and Quartz Ltd., and having a capacity for 25 ml. of each phase per tube. 

Examination of Material (I + II) in Ethyl Acetate-Water.—This material (7:77 g.) was 
distributed over 50 tubes. The following fractions were obtained by combining appropriate 
tubes and evaporating the solutions under reduced pressure at 40°: tubes 3—13, 0-41 g.; 
14—28, 2-08 g.; 29—45, 4-66 g.; 46—50, 0-27 g. Two-way chromatograms in solvents X/Y, 
after spraying, indicated polyphenols in the following positions for tubes 5, 23, 35, and 50, 
respectively: m,1,7,k; p; h, q; a, g. The materials in tubes 23 and 37 possessed specific 
rotations of —104 to —115° and —63 to —70°, respectively. All fractions gave a precipitate 
with the gelatin-salt reagent, but a positive Young’s test was obtained only with the con- 
tents of tubes 29—45 (Q). These gave spots h and qg on the chromatogram with about equal 
intensity. The solids obtained from tubes 14—28 were designated P. 

The distribution of an aqueous extract of tara powder (without intermediate extraction by 
ethyl acetate) in ethyl acetate—water gave a picture similar to that given by (I + II), but 
complicated by excessive emulsification. 

Purification of Material (1) in-Ethyl Acetate-Water.—To a solution of material (I) (13-6 g.) 
in methyl acetate (200 ml.) was added benzene (154 ml.), the solution filtered, and further 
benzene (200 ml.) stirred in. A brown gum was deposited, collected, and dried to constant 
weight in a vacuum at room temperature (7-0 g.). Part (4-0 g.) of this was alternately dissolved 
in methyl acetate (50 ml.) and precipitated with benzene until a white powder (1-4 g.) was 
obtained. It then failed to give any evidence of gallic acid by Young’s test. Part (0-74 g.) 
was distributed over 25 tubes in ethyl acetate—water, with the following results: tubes 8—13, 
0-25 g.; 14—22, 0-34 g.; 23—25, 0-04 g. Specific optical rotations of the materials (c ~0-1) 
in the different phases of the tubes corresponding to the peaks in the distribution were: tube 
11, lower phase — 106°, upper phase —94°; tube 17, lower phase —135°, upper phase, — 138°. 

The contents of tubes 9—12 were evaporated under reduced pressure at room temperature 
to yield a pale brown powder (P’) (0-11 g.). The equivalent weight found by titration to pH 
5-6 was 392, to pH 6-0 374 (Calc. for C,,H,.0,,: 496). Paper chromatography showed only one 
spot, in position p. A test with Young’s reagent was negative, with the gelatin-salt reagent 
positive. 

The contents of tubes 15—18 similarly gave a pale brown powder (Q’) (0-18 g.). Paper 
chromatography showed only one spot, in positiong. A test with Young’s reagent was negative, 
with the gelatin-salt reagent positive. 

Examination of Material (111) in Ethyl Acetate-Water.—This material (3-85 g.) was distributed 
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over 50 tubes with the following result: tubes 2—6, 1-18 g.; 7—28, negligible; 29—45, 0-74 g.; 
46—50, 1-18 g. 

Examination of Material (IV) in Ethyl Methyl Ketone—Benzene—Water.—(a) This material 
(4-62 g.) was submitted to 50 operations of the apparatus, the phases from a 18: 7: 25 v/v 
mixture of ethyl methyl ketone—benzene—water being used. The results were: tubes 3—8, 
0-32 g.; 9—18, 1-43 g.; 19—28, 1-53 g.; 29—47° 1-50 g. Material (0-48 g.) from tubes 22—28 
was distributed over a further 50 tubes, with the same solvent system, the results obtained 
following very closely the theoretical values for a substance with a distribution coefficient 
of 0-90.1% Tubes 18—32 then contained the main part (A) (0-40 g.). It had [a],,7* —89° (in 
water, c 0-7) but no definite m. p. The equivalent weight found by titration to pH 5-6 was 
855, to pH 6-0 770 (Calc. for C;;H,,0..: equiv., 800). A paper chromatogram showed only one 
spot, in position a. Treatment with acetic anhydride and pyridine at room temperature gave 
a white solid, m. p. 147—152°, {a],,?* —68° (in ethyl acetate, c 0-2). 

(b) Material (IV) (5-39 g.) was distributed over 25 tubes with the same solvent system, 
results being: tubes 3—7, 1-01 g.; 8—15, 2:27 g.; 16—25, 1-03 g. The material from tubes 
8—15 was distributed over a further 50 tubes in the same solvent system: tubes 3’—8’, 0-10 g.; 
9’—18’, 0-59 g.; 19’—28’, 1-15 g.; 29’—47’, 0-58 g. The material in the upper phases of tubes 
23’ and 25’ had [a], —94° (c 0-25). Both phases from tubes 20’—27’ were then combined and 
extracted four times with ethyl methyl ketone (100 ml.). Evaporation of the extract under 
reduced pressure at room temperature yielded a pale brown powder (A’) (0-58 g.), which gave a 
positive gelatin-salt test. The equivalent weight found by titration to pH 5-6 was 829, to pH 
6-0 755. Chromatography gave only one spot, in position a. Acetylation as above, followed 
by three recrystallisations from ethanol, yielded an acetate as colourless spherulites, m. p. 
149—152° (Found: C, 54-2, 52-8; H, 4-15, 3-55; Ac, 34:2. C,;H,,O3. requires C, 54-1; H, 3-9; 
Ac, 35:2%), which showed diamond-shaped interference patterns under the polarising micro- 
scope; these were easily deformed by pressure on the cover slide but did not lose their shape 
on prolonged heating at 100°. 

Examination of Material (III) in Ethyl Methyl Ketone—Benzene-Water.—Material (III) 
(4-71 g.) was distributed over 50 tubes with the mixture in the ratio 18:7: 25 v/v, with the 
following results: tubes 3—8, 0-63 g.; 9—18, 0-99 g.; 19—28, 0-92 g.; 29—47, 0-81 g. The 
material from tubes 19—28 gave one spot, in position a, and a much weaker one at / on the 
chromatogram and had {a],,2* —90° (in ethyl acetate, c 0-4). Since the material from tubes 
9—18 gave as the main polyphenolic spot one in position a, either a considerable quantity of 
non-phenolic material must be present or there are at least two tannins which give a spot at 
this position. 

Examination of Materials (I + 11) in Ethyl Methyl Ketone—Benzene-Watey.—A mixture of 
materials (I) (2-00 g.) and (II) (1-00 g.) was distributed over 25 tubes with the solvents in the 
ratio 18: 7:25 v/v, with the following results: tubes 1—8, 1-91 g.; 9—15, 0-89 g. The 
material in tubes 1—8 gave spots on the chromatogram in positions p and qg, whilst that from 
tubes 9—15 gave only one at. The latter substance was negative to the gelatin-salt reagent, 
but strongly positive in Young’s test. 

Examination of Material (III’) in Ethyl Methyl Ketone—Benzene—-Water.—White tannin 
(29 g.) was obtained from an aqueous solution of material (III ) (155 g.) by extraction with 
ethyl acetate, counter-current distribution (contents of tubes 16—18), and repeated precipit- 
ation. Its specific optical rotation varied with concentration: 

Concentration (%)...........+.+. 3-56 1-78 1:19 0-594 0-356 
Pr | Ciounsgumeecventoveteyoncts — 92-0° —97-1° —99-8° — 108-6° —110-9° 


A similar effect was observed by Catravas 5 with the dextrorotatory sumac tannin. 

The tannin (4-26 g.) was distributed over 50 tubes with the same solvent system, with the 
following results: tubes 3—8, 0-62 g.; 9—18, 1-63 g.; 19—28, 1-17 g.; 29—47, 0-38 g. The 
upper phase of tube 14 had [a],,** — 112°, the lower —134°. On paper chromatography, material 
from tube 4 showed spots in positions 7, /, p, g, from tube 14 at b, c, and others in the same area, 
and from tube 24 one spot at a only. The contents of various tubes were combined and 
evaporated under a vacuum. Tubes 20—26 thus yielded a pale brown powder (A”) (0-72 g.), 
tubes 9—16 a pale brown powder (BC) (1-06 g.), and tubes 2—8 a pale brown powder (0-51 g.). 
A portion (0-49 g.) of the last material was distributed between ethyl acetate and water over 


13 Horler, Thesis, Leeds University, 1960. 
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50 tubes. Paper chromatography revealed spots in the following positions: tubes 2’—4’, /; 
tubes 8’—20’, 7; tubes 14’—26’, p; tubes 30’—38’, g with possibly an adjacent spot. On 
evaporation to dryness in vacuum the yields obtained were: from tubes 2’—6’, 0-03 g., tubes 
8’—24’, 0-16 g. (spots at p, 7); tubes 26’—40’, 0-12 g. (Q”); tubes 42’—50’, 0-01 g. 

Isolation of Gallic, Digallic, and Trigallic Acid by Means of Ethyl Methyl Ketone—Benzene- 
Water.—The mother-liquor obtained in the preceding experiment by precipitation with benzene 
from ethyl acetate was evaporated to dryness and part of the residue (0-85 g.) was distributed 
over 50 tubes. Paper chromatography revealed spots in the following positions, the weight 
recovered on evaporation being given in parentheses: tubes 13—27, h (0-57 g.); tubes 29—39, g 
(0-12 g.); tubes 40—43, f (0-015 g.). Tubes 38—40 gave spots at both g and f. The material 
from tubes 29—39 consisted of a pale brown powder, m. p. 276—278° (decomp.) (Found: 
C, 51-85; H, 3-35. Calc. for C,4Hy)O,: C, 52-2; H, 3-1%), not depressed on admixture with 
synthetic digallic acid. Both samples gave a spectrum with a maximum at 275 my (e 18,700) 
and a shoulder at 285 muy (e 17,000). 

These results are given in Table 2 together with those for distribution in ethyl acetate— 
water and partition coefficients found by direct determination. 


TABLE 2. 
Ethyl methyl ketone—benzene—water Ethyl acetate—water 
Position on the Partition Tube containing Partition Tube containing 
chromatogram coeff. max. amount * coeff. max. amount * 
B.  .cabsgerecustesncan 0-90 24 >4 50 
WF tansetneviatinoncage — 40 — 50 
iP cocokenteansescewans -= 34 >4 50 
ee 0-75 22 2-0 36 
_ | percnonreren <0-17 , <6 <0-2 <6 
uccniemaanieeeseanmenh <0-17 <6 - = 14 
ae ‘sebeaieeincdad 0-17 6 0:7 23 
Discctidentenscouesan 0-17 6 2-0 36 


* By direct determination from 50-tube distribution. 


Hydrolyses.—Hydrolysis, with N-sulphuric acid (10 ml.) under reflux, of materials A’ (25 
mg.), P (87 mg.), and Q’ (28 mg.) was followed paper chromatographically, with results given 
in Table 3. 

TABLE 3. Position of spots obtained on hydrolysis. 


Time of hydro- 


lysis (min.) Substance A’ Substance P Substance 0’ 
0 a p q 
15 a,h ph,l q, h, d,k 
30 a,h p,h,l 3 9, h,d,k 
60 a,h,g,d,c,b p,h,l,m qg,h, d,k 
120 a,h, g, a,c, b, e, f, 7, k, l,m h, l,m 9g, h, d,k 
240 a,h, g,d,c,e, f, k, l,m h h 


Spots g were shown to be due to m-digallic acid by co-chromatography with a synthetic 
specimen. Spot f is probably due to trigallic acid.14 In each hydrolysis an arc appeared in 
position w but this was due to the action of the mineral acid, presumably on the paper itself. 

Hydrolysis also often yielded spots in positions s and x, which gave a pale fluorescence in 
ultraviolet light and are probably caused by traces of ellagic acid (s) and a related compound, 
formed by oxidation. Occasionally, when the mixture had become overheated, spots in 
positions ¢ and v were encountered; these were attributed to the formation of catechol and 
pyrogallol, respectively. During the hydrolysis of material Q’, weak spots at / amd m were 
formed transitorily and were thought to be due to the presence of a small amount of substance p 
in the material hydrolysed. During hydrolysis of material P a small spot appeared at k, 
probably due to substance g. No sugars were formed on hydrolysis. The presence of sulphuric 
acid interferes with the detection of quinic acid by spraying. 

Chromatographic Identification of Quinic Acid.—Materials P, Q, and A’ (10 mg. each) were 
separately kept in N-hydrochloric acid (20 ml.) at ~100° for 20 hr. The solutions were then 
spotted on chromatography papers and run together with controls of quinic acid in N-hydro- 
chloric acid in solvents Y and Z. In each case quinic acid was identified by its Ry values 

14 White, ref. 2, p. 7. 
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(0-36—0-40 in Y, 0-21—0-26 in Z) and its positive reaction to the metaperiodate—piperazine— 
nitroprusside spray. The Rp value of quinic acid in solvent Y is raised by the presence of 
mineral acid (0-34 to 0-38), there being a similar, but smaller, effect in Z. The Rp im Y, but not 
in Z, decreases progressively with the age of the solvent (0-40 to 0-27 in presence of mineral 
acid in a month). 

Identification of Gallic Acid.—Apart from the chromatographic characterisation of gallic 
acid in the hydrolysates of all the fractions obtained from tara powder, material (IV) (2-99 g.) 
was treated with boiling N-hydrochloric acid (100 ml.) for 48 hr. The solution was then cooled 
and extracted with ether (10 x 100 ml.), the extracts being evaporated and the residue dried 
to constant weight at 100° (2-44 g., 81:5%). This gave an acetyl derivative, m. p. 171—172°, 
not depressed on admixture with authentic tri-O-acetylgallic acid. 

Determination of the Ratio of Gallic to Quinic Acid Formed.—Hydrolysates were prepared by 
treatment of the fraction (A’ 25-0 mg.; Q’ 8-0 mg.; or P’ 13-0 mg.) in N-sulphuric acid (100 ml.) 
for 27 hr., cooling, and making up to 100 ml. 

(a) Solutions of gallic acid monohydrate (twice recrystallised from water with charcoal) 
[Found: H,O, 9-6%; equiv. (to pH 6-5), 187. Calc. for C,SH,O;,H,O: H,O, 9-6; equiv., 188] 
were prepared in 0-1N-sulphuric acid and their spectra determined on a Unicam S.P. 500 
spectrophotometer. They exhibited a maximum near 270 my, where the absorbance was 
proportional to concentration at least up to 30 mg./l., with « 8980 + 350. Cartwright and 
Roberts * gave figures corresponding to e 9095 in 50% aqueous ethanol, but Bradfield and 
Penney recorded ¢ 7900 in ethanol. A sample of commercial gallic acid gave e 7910. In 
water, in the absence of mineral acid, gallic acid has Ap,x 265 my. An aqueous solution of 
quinic acid (90 mg./l.) showed no absorption at 270 my. In this work the absorbance at 270 mu 
of the hydrolysates diluted ten times was used to calculate the percentage yields of gallic acid 
from our own value for e. Results are in Table 1. 

(6) Quinic acid remains unaffected by acid potassium permanganate solution below 30°, 
whereas the titre of gallic acid increases gradually with temperature from 20° to 100°. It is 
possible, therefore, to take known mixtures of the two compounds and to titrate them first in the 
cold (23° + 1°) and then at 100°, readings being taken when the pink colour first persists for more 
than 30sec. The ratio of the titres (Vj9)/V.3;) was plotted against the ratio of the weights of 
quinic to gallic acid (Q/G) to give a straight line with the equation V499/V., = 1-28 + 1-2Q/G. 
The quotient V49./V.3 for a mixture of quinic and gallic acids (0-087 and 0-470 g.) remained 
unchanged after treatment in boiling 0-5N-sulphuric acid (50 ml.) for 5 hr. The ratio of the 
titres can therefore be used to estimate the ratios of quinic to gallic acid present in hydrolysates 
and the titre at 23° directly determines the amount of gallic acid (16-1 equiv. of permanganate 
absorbed). Aliquot parts of the hydrolysates (25 ml.) were titrated with 0-190N-permanganate. 
Results are in Table 1. 

Chromatographic Identification of Quinic and Shikimic Acids in Material (III).—A solution 
of (III) (100 g.) in water (400 ml.) was extracted with 6 lots of ethyl methyl ketone (100 ml.) and 
the aqueous residue evaporated. The solid (20 g.) was dissolved in water (50 ml.) and passed 
through a column of Dowex 1-X10 anion-exchange resin (200—400 mesh; 10 g.) in the acetate 
form. Washing the column with water (600 ml.) brought through a polyphenolic fraction 
almost at its front. The eluate then obtained with n-acetic acid (200 ml.) was evaporated and 
the solid left (0-48 g., 0-3% on tara powder) chromatographed in solvents Y and Z. In each 
case, the metaperiodate—piperazine—nitroprusside spray produced two spots (Ry 0-49, 0-35; 
0-40, 0-25, respectively), the more mobile one giving a bright red with the metaperiodate— 
aniline spray. The Rp values of authentic shikimic and quinic acids run in the same solvents 
at the same time were 0-48, 0-34, and 0-40, 0-25, respectively. 


We thank Mr. H. Finch of D. W. McCarthy Ltd. for the supply of liberal quantities of tara 
powder, Dr. E. A. H. Roberts for samples of green tea, and Professor W. Bradley for use of a 
Hilger polarimeter. We are grateful for the award of a Procter Memorial Scholarship (to 
D. F. H.) and to Professor D. Burton, M.B.E., under whose general direction this work was 
carried out. 
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15 Bradfield and Penney, J., 1948, 2251. 
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735. Heats of Formation and Bond Energies. Part V.* 
n-Butyl-lithium. 


By P. A. FowE.t and C. T. Mortimer. 


The heats of the following reactions of n-butyl-lithium have been measured 
calorimetrically : LiC,H,(liq.) + H,O(g.) —» LiOH(cryst.) + C,H,9(g.), 
AH = —57-4+ 0-7 kcal./mole and LiC,H,(liq.) + C,H,-CH,Br(liq.) —» 
LiBr(cryst.) + C,H,;°C;H,,(liq.), AH = —80-8+ 2-6 kcal./mole. From 
these, the heats of formation are calculated: AH;°(LiC,Hy,liq.) = —31-4 + 
0-7 kcal./mole, and AH;°(C,H,°CH,Br,liq.) = +7-1 + 3-3 kcal./mole. The 
value D(Li-C,H,) = 54 + 9 kcal./mole is derived. 


THERE is very little information about the strength of metal—carbon bonds in the organo- 
metallic compounds MR, where M is one of the lighter metals lithium, beryllium, or 
aluminium and R is an alkyl radical. The mean bond dissociation energy D(M-C) is an 
expression of the strength of these bonds and is readily calculated from the relation 


D(M-C) = AH, (R,g.) + * AHe(M.g.) _ *AHe(MR,.g.). In the particular case of the 


lithium alkyls, Lik, D(M-C) refers to the bond dissociation energy, since there is only 
one metal-carbon bond. The heats of formation of the gaseous metal atoms and alkyl 
radicals are known, so it remains only to determine the heat of formation of the com- 
pounds MR,,. ; 

This paper reports the measurement of the heat of formation of n-butyl-lithium and 
the calculation of the bond dissociation energy D(Li-C,H,). 

The most convenient method of determining the heat of formation of this compound is 
to measure the heat of a reaction in which it takes part, provided that the heats of formation 
of all the other reactants and products are known. The reaction should be rapid and 
well defined. Combustion in oxygen is such a reaction, but since the heat of combustion 
is large it requires the preparation of a very pure sample of n-butyl-lithium to give a 
moderate accuracy in the derived heat of formation. Because of the difficulty of obtaining 
a pure sample, which is solvent-free, this reaction was rejected. Two reactions which are 
suitable are (i) hydrolysis and (ii) that with benzyl bromide, both rapid and quantitative. 
The heats of these two reactions have been measured: 


LiCgH,(liq.) + H,O(g.) ——B LiOH(cryst.) + CgHip(g.) 2- - - - ee si) 
LICsH,(liq.) + CgH;°CH,Br(liq.) ——t> LiBr(cryst.) + CgHs°CsH,,(liq.). . . « « « (ii) 


It has been suggested! that n-butyl-lithium also reacts with benzyl bromide to give 
bibenzyl: LiC,H, + 2C,H;-CH,Br —» LiBr + C,H,Br + C,H,°CH,°CH,°C,H;. = This 
reaction was shown to be unimportant under the conditions in the calorimeter, in the 
following way. A weighed ampoule of benzyl bromide was added to an excess of n-butyl- 
lithium in light petroleum. Water was then added to hydrolyse unchanged butyl-lithium 
to lithium hydroxide, and the aqueous portion was analysed for bromide ions. All the 
bromine appeared as bromide ions, and it was assumed that reaction (ii) occurs 
quantitatively. 


EXPERIMENTAL 

Compounds.—n-Butyl-lithium was prepared ? by adding a solution of n-butyl bromide in 
light petroleum dropwise to an excess of freshly cut lithium, suspended in sodium-dried 
petroleum, with rapid stirring, in an atmosphere of dry nitrogen. The solution of butyl-lithium 
in petroleum was filtered from the precipitated lithium halide by forcing it, with a pressure of 


* Part IV, J., 1960, 4649. 


1 Gilman and Jones, ‘‘ Organic Reactions,’’ Wiley, New York, 1951, Vol. VI, p. 350. 
2 Gilman, Beel, Branne, Bullock, Dunn, and Miller, J. Amer. Chem. Soc., 1949, 71, 1499. 
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dry nitrogen, through a U-shaped tube in which a glass sinter was sealed. This petroleum 
solution was used for the benzyl bromide investigation. For the hydrolysis, most of the 
petroleum was removed under reduced pressure. During this distillation the temperature was 
not allowed to rise above 25°. This sample of n-butyl-lithium contained about 10% of 
petroleum. Most of the remaining petroleum could be removed by reducing the pressure 
considerably more, and these samples were used for measurement of heats of solution. It seems 
most likely that the solution of n-butyl-lithium in petroleum and liquid n-butyl-lithium contain 
“cluster ’’ polymers. Rogers and Young * measured the dipole moment of butyl-lithium in 
benzene solution and the value of ca. 1 p for u is much smaller than one would expect for a polar 
monomeric structure, but is consistent with ‘‘ cluster”’ polymers in solution. Although no 
cryoscopic measurements are available for n-butyl-lithium, Hein and Schramm ‘ conclude that 
ethyl-lithium is a 6-polymer in benzene solution. 

Benzyl bromide was distilled through a 6 in. Fenske column. 

Calorimeters.—Because of the thermochemical difficulties of measuring the heat of a reaction 
in which a large volume of gas is suddenly liberated, and the chemical difficulty of preparing 
pure n-butyl-lithium, it was thought inadvisable to measure the heat of hydrolysis by breaking 
weighed ampoules of n-butyl-lithium into water or wet petroleum. The reaction was therefore 
carried out by adding a known weight of water vapour, in a stream of nitrogen, to the sample 
of butyl-lithium. 

The calorimeter used was similar to that described by Pedley, Chernick, and Skinner ° for 
the bromination of hexamethyldistannane. It consisted of a cylindrical, silvered Dewar 
vessel of 250 ml. capacity, inserted into a flanged brass can. The calorimeter cap was a brass 
plate, with five chimneys, screwed to an ebonite bung which fitted tightly into the Dewar 
vessel. Thecap wasscrewed to the flange of the brass can, a water-tight joint being formed witha 
rubber washer. The calorimeter was immersed in a thermostat-bath, at 25°, to a level near 
the top of the chimneys. These chimneys allowed connection to a stirrer, a calibration heater, 
a thermistor (used to measure the temperature change inside the calorimeter), and an inlet to 
and an outlet from a reaction vessel. The Dewar vessel was filled with water. A stream of 
oxygen-free nitrogen, at 25°, entered the calorimeter, bubbled through the liquid n-butyl- 
lithium in the reaction vessel, and then passed through a spiral heat-exchanger before leaving 
the calorimeter. The nitrogen stream was saturated with a known weight of water vapour 
and the temperature rise accompanying the hydrolysis was measured. 

The calorimeter used to measure the heat of reaction of n-butyl-lithium with benzyl bromide 
has been described previously. It was similar to that used for the hydrolysis. In this case 
the Dewar vessel was filled with a solution of n-butyl-lithium in light petroleum under a slight 
pressure of nitrogen. The reaction vessel was replaced by a weighed ampoule of benzyl bromide 
and some glass teeth on which it was crushed. 

Units.—All reactions were initiated at 25°. Heat quantities are given in units of the 
thermochemical calorie, 1 cal. = 4-1840 abs. J. 

Results —Typical results for the heat of reaction of n-butyl-lithium with water and with 
benzyl bromide are shown in the Table. 


Heats of reaction of n-butyl-lithium. 


With water With benzyl bromide 

Wt. —AH Wt. —AH Wt. benzyl —AH Wt. benzyl —AH 
water (kcal./ water (kcal./ bromide (kcal./ bromide (kcal./ 

(g.) mole) (g.) mole) (g.) mole) (g.) mole) 
0-0179 57-9 0:0306 56-3 “0-5651 81-4 0-1908 83-6 
0-0268 56-6 0-0236 57-9 0-1566 77-1 0-2008 78-4 
0-0147 55-7 0-0294 56-5 

Mean AH = —56-8 + 0-5 kcal./mole. Mean AH = —80-1 -+ 2-5 kcal./mole. 


The AH values refer to the reactions 


LiC,H,(soln.) + H,O(g.) ——B LiOH(cryst.) + CgHig(g-) - - «© «© «+ + + (iii) 
LiCgHg(soln.) + CgH,*CHgBr(liq.) ——t> LiBr(cryst.) + CgHs°C5H,;(soln.) . - (iv) 








* Rogers and Young, J]. Amer. Chem. Soc., 1946, 68, 2748. 

' Hein and Schramm, Z. phys. Chem., 1930, A, 151, 234. 

5 Pedley, Chernick, and Skinner, Trans. Faraday Soc., 1957, 58, 1612. 
® Fowell and Mortimer, /., 1959, 2913. 
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For the hydrolysis the n-butyl-lithium contained about 10% of petroleum; for the reaction 
with benzyl bromide the n-butyl-lithium was in a large excess of petroleum. The heat of 
solution of liquid n-butyl-lithium in an excess of petroleum, containing a small amount of 
n-butyl-lithium to ensure that it was dry and oxygen-free, was measured as AH = —0-7 + 0-1 
keal./mole. The heat of solution of liquid n-butyl-lithium, containing 10% of petroleum, in 
an excess of petroleum was measured as AH = —0-1 + 0-1 kcal./mole. By difference, the 
heat change when liquid n-butyl-lithium is diluted with 10% of its volume of petroleum is 
calculated as AH = —0-6 + 0-2 kcal./mole. By incorporating these heats of solution, the 
heats of reactions (i) and (ii) are calculated as AH, = —57-4 + 0-7, and AH, = —80-8 +2°6 
kcal./mole, respectively. The heat of solution of pentylbenzene in petroleum was not measured. 
It is likely to be small compared with the uncertainty associated with AH,. 


DISCUSSION 
The heat of formation of liquid n-butyl-lithium can be calculated from the thermo- 
chemical relation 


AH, = AH,°(LiOH,cryst.) + AH°(CHy».g.) — AH,°(LiC,H,,liq.) — AH,°(H,0,g.). 


The following heats of formation are then used: LiOH(cryst.), —116-45; H,O(g.), —57-80 
kcal./mole,’ and C,H,o(g), —30-15 kcal./mole;® thus the value AH;,°(LiC,H,,liq.) = 
—31-4 + 0-7 kcal./mole, is derived. From this value, the heat of formation of liquid 
benzyl bromide can be calculated by means of the relation 


AH, = AH,°(LiBr,cryst.) + AH;°(CsH,*CsHy,,liq.) — AH;°(LiC,Hy,liq.) 
— AH,°(C,H;*CH,Br,liq.), 


by incorporating the following heats of formation: LiBr(cryst.), —83-72 kcal./mole,’ 
and C,H,°C;H,,(liq.), —21-39 kcal./mole, which is calculated from the value 
AH;°(C,H,°C;H),,g.), —8-23 kcal./mole’ and a latent heat of vaporisation of 13-16 
kcal./mole. The last figure is obtained from the formula given by Loeffler and Rossini ® 
for the latent heats of vaporisation of normal alkylbenzenes, CgH;*(CH,],°CHs; AH yap. = 
7:26 + 1-18(m + 1) kcal./mole. The value AH;°(C,H;*CH,Br,liq.) = +7-1 + 3-3 kcal./ 
mole is derived. It may be that the lithium hydroxide and lithium bromide formed in 
these reactions are slightly soluble in the petroleum solution, and also that the salts are 
precipitated in a microcrystalline form which differs from the standard state. It must be 
admitted, therefore, that the heats of formation of the compounds formed under these 
particular conditions are not necessarily the same as the values quoted here, which refer 
to the standard states. This difficulty might have been overcome by measuring the heats 
of solution of the precipitated salts (a) in petroleum and (b) in aqueous solution. It would 
then have been possible to express the heats of formation of n-butyl-lithium and benzyl 
bromide in terms of heats for formation of the more well-defined states of lithium hydroxide 
and lithium bromide in aqueous solution. However, with the particular design of the 
calorimeter and the presence of unchanged n-butyl-lithium in the reaction vessel, it was 
not possible to extract the lithium hydroxide and bromide. 

Two other values are available for the heat of formation of liquid benzyl bromide. 
These are +5-1 + 3-0 kcal./mole,!° derived from a measurement of the heat of hydrolysis 
of benzyl bromide by Gellner and Skinner,” and +8-7 + 1-0 kcal./mole calculated by 
Benson and Buss ™ from equilibrium measurements of the reaction between bromine and 
toluene. Our value falls between the two heats of formation, both of which are within 
our limits of accuracy. The agreement helps to confirm that the heat of formation of 
liquid n-butyl-lithium which has been obtained is correct, within the quoted limits of error. 


_ 


National Bureau of Standards, Circular 500, Washington D.C., 1952. 

American Petroleum Research Institute Research Project 44, Carnegie Press, Pitt., Penn., 1952. 
Loeffler and Rossini, J. Phys. Chem., 1960, 64, 1533. 

10 Skinner, ‘‘ Modern Aspects of Thermochemistry,” Roy. Inst. Chem., Monograph No. 3, 1958. 

'! Gellner and Skinner, /., 1949, 1145. 

12 Benson and Buss, /. Phys. Chem., 1957, 61, 104. 
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The bend dissociation energy of the lithium—carbon bond, can be calculated from the 
relation: 


D(Li-C,H,) = AH;°(C,Hy,g.) + AH;°(Li,g.) — AH,°(LiCsHy, monomer, g.). 


In order to calculate a value for the heat of formation of monomeric, gaseous n-butyl- 
lithium, it is necessary to know the latent heat of vaporisation of liquid n-butyl-lithium to 
the gaseous state, at 25°, and also the heat of dissociation to monomer molecules, if this 
gas is associated. Taylor }* has reported measurements of the variation of vapour pressure 
with temperature of liquid n-butyl-lithium. From the results of four experiments, which 
were not very reproducible, the calculated latent heat of vaporisation ranged from 25 to 
38 kcal./mole. The average value is 33 kcal./mole. There is no evidence that the vapour 
of n-butyl-lithium is monomeric. It may still contain clusters of molecules. However, 
if we accept a value of AH = 33 + 5 kcal./mole for the process LiC,H,(liq.) —» LiC,H, 
(monomer, g.), then we obtain the value AH;°(LiC,H,, monomer, g.) = +1-6 + 6 kcal./mole. 
Using the heats of formation Li(g.) 37-07 kcal./mole,’? and C,H,(g.) +18-5 + 3 kcal./mole,” 
we derive the value D(Li-C,H,) = 54 + 9 kcal./mole. 


The authors thank Dr. H. A. Skinner for having pointed out the need for a further calori- 
metric determination of the heat of formation of benzyl bromide and for the suggestion that 
the approach used in this investigation might prove suitable. 

This work was sponsored by the Air Force Office of Scientific Research of the Air Research 
and Development Command, United States Air Force, through its European Office. 


UNIVERSITY COLLEGE OF NORTH STAFFORDSHIRE, 
KEELE, STAFFS. "Received, February 10th, 1961.} 


13 Taylor, M.Sc. Thesis, University of Manchester, 1946. 





736. The Structure of (PW,.0,.)? and Related Ions. 
By J. W. Linnetrt. 


The structure of the ion (PW,,0,,)*" is described, and it is shown that the 
oxygen atoms form a close-packed arrangement of nearly equal-sized spheres, 
the close-packing being an interesting mixture of cubic and hexagonal. The 
PO and WO bond lengths are discussed and, in particular, an electronic 
formula is suggested in which each tungsten atom participates in one one- 
electron, one three-electron, and four two-electron bonds. The structures 
of (and electronic binding in) the hydrates of phosphotungstic acids are 
also examined, as well as those of other related ions [e.g., (TeMo,O,,)*" and 
(MnMo,0,,)*]. 


THE main object is the consideration of the structure of ions of the general formula 
(NM,,04.)"" where N is a non-metal (e.g., boron, silicon, phosphorus, germanium, or arsenic) 
and M is either tungsten or molybdenum. For convenience, the phosphotungstate 
ion (PW,.0,4)* will be considered in particular.1‘ The structure of this can be understood 
most easily by considering the arrangement of the oxygen atoms, regarding them as a 
collection of equal spheres adopting a close-packed arrangement. (Instructive models 
can be made very easily with table-tennis balls and “‘Seccotine.”) The validity of treating 
the structure in this way will be demonstrated later. 

Structure of the Ion.—The 40 oxygen atoms can be divided into five groups; a central 
“core” of 16 atoms and four other identical triangular planar groups of six atoms which 
fit on to the core in a way to be described. The central core of 16 atoms is cubic close- 
packed. It is best visualised in the following way. A cubic close-packed stack forming 


1 Bradley and Illingworth, Proc. Roy. Soc., 1936, A, 157, 113. 
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a regular tetrahedron can be made by forming a triangle of 10 spheres as a close-packed 
layer, and then placing on this a second layer of six atoms (as a triangle), and on this a 
third layer of three, followed by a fourth layer of a single sphere at the apex. This regular 
tetrahedron contains 20 spheres and, if one is removed from each corner, the central core 
of 16 found in the phosphotungstate ion is produced. This is shown in Fig. 1 and can be 
seen to involve cubic close-packing. Each face of the core consists of seven atoms, six 
(O,) forming a hexagon round a central seventh atom (O,). The phosphorus atom is 
located in the tetrahedral hole formed by the four atoms (O,) which are at the centres of 
these four faces. All the 12 tungsten atoms are in octahedral holes outside this central 
core; the four octahedral holes in the central core are empty. 

The four planar groups of six atoms are now added to the four faces of the central core; 
one group to each face. These groups of six could be added so that the whole structure 
was cubic close-packed. However, though they are added in a close-packed manner, they 


Fic. 1. Diagram showing arrangement of 16 Fic. 2. Diagram showing “‘ attachment”’ of 
spheres (i.e., oxygen atoms) in the central outer group of six oxygen atoms to a face of 
core of (PW 4,049)". the central cove. The dots mark the positions 


of the tungsten atoms. 





are not added to form a wholly cubic close-packed system. They are added so that they 
each form, with the next two layers of the central core, a hexagonal close-packed pattern. 
This is illustrated in Fig. 2. In this diagram the six spheres are drawn with full lines, and 
the adjacent layer of the central core (which contains seven atoms) is shown with broken 
lines. The next layer in the central core consists of six atoms and is disposed in the same 
way as the outermost layer of six atoms (since the stacking of these three layers is hexagonal 
close-packed). 

The mixing of cubic and hexagonal close-packing makes the structure a most fascinating 
one. The arrangement has, in a sense, the compactness of being fully close-packed, and 
yet there is no possibility of the pattern being extended indefinitely, because the four 
outermost groups of six atoms do not form part of a single cubic or hexagonal close-packed 
structure. Undoubtedly this feature must contribute to making this particular structure 
such a well-defined one so that it is found in several ions containing different atoms. 

The location of the tungsten atoms is shown by the black dots in Fig. 2. They occupy 
the octahedral holes between the outermost groups of six spheres (7.¢., axygen atoms) and 
the layers of seven spheres (7.e., oxygen atoms) forming the faces of the central core. 
There are just twelve of these octahedral holes for the twelve tungsten atoms. From this 
it will be seen that the tungsten atoms occur in four sets of three which have the pattern 
with their accompanying oxygen atoms which is shown in Fig. 3.2. The six oxygen atoms 
marked O; and O, form the outermost group of six, the other seven (O, and O,) form one 
of the faces of the central core (see above). The oxygen atoms labelled O, in Fig. 3, of 
which there are six, form, in pairs, the bridges to the similar groups ‘‘ attached ”’ to the 


* Cf. Sidgwick, ‘‘ Chemical Elements and their Compounds,” Oxford Univ. Press, 1950, p. 1043. 
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three other faces of the core. This is indicated by the broken lines. From Fig. 3 it is 
easily deduced that 24 oxygen atoms (O, and Oj) are linking two tungsten atoms, twelve 
(O,) are attached to one only, while four (O,) are linked to three tungsten atoms and also 
to the central phosphorus atom. 

If the outermost layers of oxygen atoms had been added in such a way that all the 
oxygen atoms formed part of a single cubic close-packed arrangement, the diagram 
analogous to Fig. 3 would be that shown in Fig. 4. This would require that the four W, 
sets were linked by groups of atoms of type A whereas the linkage is in fact by two separate 

W-O-W linkages. Wells* states that chains involving the grouping A do 

w’ w not exist in tungsten oxides, and this would appear to be a reason for 
“—" preferring the arrangement shown in Fig. 3 (hexagonal close-packed, added 
“ layer) to that shown in Fig. 4 (cubic close-packed added layer). However 
this cannot be the complete explanation because the grouping A does in fact exist in the 
phosphotungstate ion (see Fig. 3). While this difference may contribute, a more likely 
reason for preferring the arrangement in Fig. 3 to that in Fig. 4 would seem to be that 
the latter brings together the oxygen atoms, from adjacent outermost groups of six, which 
are attached to only one tungsten atom, and which therefore probably carry a resultant 


Fic. 4. Diagram showing what the inter- 
connection between the oxygen and tungsten 
atoms would be if (PWy,0)*- were a fully 
cubic close-packed structure. 


Fic. 3. Diagram of the inter-connections 
between the oxygen and tungsten atoms in 
one quarter-section of (PW y.0q)*-. 
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negative charge. In order therefore that this negative charge may be spread less unevenly 
over the surface of the ion, the structure indicated in Fig. 3 (which keeps these oxygen 
atoms apart) is preferred. This can, of course, be done without changing any of the 
distances between bonded atoms. This would explain why the mixture of cubic and 
hexagonal close-packing is adopted. (The central core must have tetrahedral symmetry 
and be cubic close-packed, because of the tetrahedral disposition of the phosphorus 
valencies.) 

Another contributory reason to the preference for the arrangement shown in Fig. 3 may 
be that the oxygen atoms (O,), which are attached to only one tungsten atom, behave as 
if they are bigger than the other oxygen atoms so that, if they were close to one another, 
there would be a serious increase of energy because of steric hindrance. In fact, this 
probably amounts, in part, to putting the first reason in other words since the larger 
size of these oxygen atoms is a consequence of the negative charge they carry. 

Dimensions of the Ion.—The question mentioned earlier may now be asked: How 
satisfactory is it to visualise the structure of the phosphotungstate ion in terms of a close- 
packed array of equal spheres? Let us consider the core first. There are four separate 
distances which are listed in Table 1. (Bradley and Illingworth’s data! are used.) These 
are all approximately equal, being within 3% of 2-72 A. It is surprising to find the two 
different O,-O, distances so nearly equal. (Bradley and Illingworth list only one O,-O, 
distance.) Thus the face of the central core (which contains six atoms O, round a central 
O, atom) has only a three-fold axis of symmetry, this being all that is required by the 
symmetry of the core; nevertheless, it is very close to having six-fold symmetry which 

3 Wells, ‘‘ Structural Inorganic Chemistry,” Oxford Univ. Press, 1945, p. 327. 
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it would have if the core were made up of spheres of exactly equal size. Hence it is 
undoubtedly an extremely good approximation to treat the core as made up of close- 
packed spheres, all of radius 1-36 A. In the outer triangular groups of six atoms there 
are two O-O distances, which are listed in the second part of Table 1. So these, in them- 
selves, behave as a group of equal spheres but the size (one to another) is a little bigger than 
those in the central core; though only by about 5%. The distances between the oxygen 


TABLE 1. Interatomic distances in the (PW4.Q49)*~ ton. 


Distance Distance 
between between 
Atom pair centres Atom pair centres 
Central core O.,-O, 2-80 Between cove and outer groups O,-O, 2-65 
O.-Oy 2-70 O;-Op 2-61 
Op—O», * 2-64 O,-Op, 3-10 
Opy—Oy t 2-74 Phosphorus to oxygen P-O, 1-71 
CONF BROMDE  oneicasccciesss O,-O; 2-90 Tungsten to oxygen Ww-O, 2-29 
O,-O, 2-81 W-O, 1-93 
W-O; 1-97 
W-O, 1-84 


* Bonded to same tungsten atom; ft bonded to different tungsten atoms. 


centres in the outer layer of six and those in the adjacent face of the core are given in the 
third section of Table 4. The first two distances are within about 4% of 2-72 A, but the 
O,—O, distance is much greater (about 10%). The O, atoms are linked to only one tungsten 
atom, and, as stated above, probably carry a negative charge. This may be, in part, the 
cause of the large O,—-O, distance (but see later). 

In Table 2, the co-ordinates of the various types of atoms (phosphorus being placed 
at the origin) as determined by Bradley and Illingworth are listed (Keggin’s results * are 
very similar). The calculated co-ordinates for spheres of radius R are listed in the third 
column, and corresponding numerical values for R = 1-36 A in the fourth. It will be seen 
that O,, Op, and O; are close to their expected positions but that the O, atoms and the 
tungsten atoms are further from the centre than would be expected. This is a consequence 
of the large W-O, distance (Table 1). However, broadly speaking, Table 2 shows that 


TABLE 2. Co-ordinates of atoms in the (PW.049)*~ ion, observed and calculated. 


. Obs. Co-ord. Calc. Co-ord. Calc. Co-ord. 
Atom (typical) (Radius R) (R = 1-36 A) 
P (0,0,0) (0,0 ” (0,0,0) 
w (0-15, 2-495, 2-495) (= i =) (0-31, 2-25, 2-25) 
3V2 3V2 3V2 
R R 
O, (0-99, 0-99, 0-99) (< i. ae Jz) (0-96, 0-96, 0-96) 
/2 V2 v2 
" —R 3R) 
Or (0-97, —0-97, 2-84) (5 - va vs) (0-96, —0-96, 2-89) 
5R 11R 
O, 1-49, 1-49, 3-54) ( are 3) 1-60, 1-60, 3-53 
( ie ee oe , 





O, (—0-1, 3-79, 3-79) 


(- 2, 1 5) (—0-34, 3°53, 3-53) 


3V2 3V2 3V2 


the packing of the oxygen atoms is close to that to be expected for equal close-packed 
spheres. 

How do the PO and WO distances in other compounds compare with the values 1-71 
(for PO) and 1-84, 1-93 (two), 1-97 (two), and 2-29 A (for WO) found in the phosphotung- 
state ion? In the HPO,?- ion in GaHPO, the PO distance is 1-54,5 in the H,PO,~ ion in 


4 Keggin, Proc. Roy. Soc., 1934, A, 144, 75. 
5 Maclennan and Beevers, Acta Cryst., 1955, 8, 579. 
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KH,P(, it is 1-54 also,® and those in the P,O,4~ ion in ZrP,O, are 1-52 and 1-56.7_ There- 
fore the PO distance is a little greater in the phosphotungstate ion. In the WO,?~ ion the 
WO distance is § about 1-8 A, so that again the distances are a little greater in the phospho- 
tungstate (and one is 20% greater). The increase from 1-54 to 1-71 A (Table 2) in the PO 
distance is about 10%, and that from 1-8 to about 1-95 A in the WO distance is about 8%, 
so that one might say that the oxygen atoms behave uniformly as being 5—10% bigger 
in the phosphotungstate ion. The size of the MoO,?- ion is virtually the same (MoO, 
1-83 A) as that of the WO,2~ ion,’ so that it is not surprising that molybdenum can replace 
tungsten in the structure very easily. 

As regards the replacement of phosphorus by silicon, the SiO distance in «-quartz !° is 
1-61 A which corresponds to an OO distance of 2-6 A which is close to, but again slightly 
less than, the separation in the phosphotungstate ion. Therefore it is to be expected (as 
far as size is concerned) that silicon would be able to replace phosphorus. With boron, 
it is difficult to know what value to assume as a probable BO distance in borotungstates and 
boromolybdates. In Me,O,BF;, in which boron is linked to four atoms (approximately 
tetrahedrally), the BO distance ™ is 1-50 + 0-06, which is close to the PO distance in 
H,PO,?- and HPO,-. So again (as far as size is concerned) it is not surprising that boron 
can replace phosphorus. 

In the arsenic and germanium compounds, however, the AsO and GeO distances are 
about 1/4 A greater than the corresponding ones in the boron, silicon, and phosphorus 
compounds.!* As a result of this it must be supposed that, with these atoms, there will 
be some distortion of the close-packing; the central atoms of each face of the core (O, in 
Fig. 3) will be forced outward from the centre, and, with them, the central three atoms 
(O;) of each of the four outer triangular groups of six atoms. It seems, from the stability 
of the ions concerned, that this distortion can be accommodated, even though some slight 
modification of the interbond angles is involved; and certainly, from the model that has 
been described, there is no apparent reason why this small outward distortion should not 
be possible. It would be valuable to have data on this. 

Why are no sulpho-, seleno- or telluro-tungstate or -molybdate ions of this formula 
known? It is difficult to believe that this is an effect of size because, surely, with one or 
other of the three atoms, the size would be satisfactory. The reason must therefore be 
that the valency of these Group VI elements is not suitable (see later). 

Two further remarkable features of the structure of the phosphotungstate ion are the 
length of the WO, bond (2-29 A) and the shortness of the WO, bond (1-84 A). The 
electronic structure could be written with electron-pair bonds between the phosphorus 
atom and the four O, atoms and between each tungsten and its six near neighbours. With 
this formula, the formal charges on the various atoms would be: P, +1; O., +2; W, 0; 
O;, 9; Op», 0; O,, —1. This is a most unsatisfactory charge distribution as regards both 
the +2 on the four O, atoms and the formal presence of +9 on the central five atoms 
(P + 40,). As an alternative, in a single electronic structure, one can make the W-O, 
linkages one-electron bonds and the W-O, linkages three-electron bonds; }* the charges 
become P, +1; O,, +4; W,90; O;,0; O.,0; O,,0; O,, —}. This is a more satisfactory 
formula. (Of course the same mean charge distribution could also be achieved by resonance 
between a multitude of forms.) In this formula, each oxygen and the phosphorus atom 
have an octet made up of four electrons of each spin, and every tungsten atom has a valency 
shell of 12 electrons, 6 of each spin, all shared. This also concentrates positive charge at 


Bacon and Pease, Proc. Roy. Soc., 1955, A, 280, 359. 

Levi and Peyronel, Z. Kryst., 1935, 92, 190. 

Sillén and Nylander, Arkiv Kemi, Min., Geol., 1943, 17, A, No. 4. 
Donohue and Shand, J. Amer. Chem. Soc., 1947, 69, 222. 

1 Driel and Verweel, Z. Kryst., 1936, 95, 308. 

™ Bauer, Findlay, and Laubengayer, J. Amer. Chem. Soc., 1945, 67, 339. 
2 Sutton, ‘‘ Tables of Interatomic Distances,” Chem. Soc. Spec. Publ. No. 11, 1958. 
13 Linnett, Nature, 1960, 187, 859; J. Amer. Chem. Soc., 1961, in the press. 
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the centre (+3 on the central five atoms), and suggests that there is a tendency for negative 
charge to be on the outer oxygen atoms (O,). In the silicotungstates there would be 
formally +2 (Si, 0) on the central five atoms, and in the borotungstates +1 (B, —1). 
However, if the central atom were from Group VI, the formal charge on the central five 
atoms would be +-4, and it is possible that this high density of positive charge accounts for 
the non-existence of corresponding selenotungstates, etc. Therefore, the electronic 
formula suggested above does account for the observed W-O, (long) and W-O, (short) bond 
lengths. It also offers a reasonable explanation of the non-existence of Group VI com- 
pounds having this structure. The telluromolybdates adopt a structure having the 
formula (TeMo,O,,)* in which the tellurium and molybdenum atoms are all surrounded 
by six oxygen atoms.’ There are three types of oxygen atom: those linked to the 
tellurium and two molybdenum atoms (six O,); those linked to two molybdenum atoms 
(six Og); and those linked to only one molybdenum atom (twelve O,). If the TeO bonds 
are two-electron, the MoO, one electron, the MoOg two-electron, and the MoO, three- 
electron, then the formal charges are as follows: Te, 0; Mo 0; O,, 0; Og, 0; O,, —4. 
This is a most satisfactory charge distribution. It would be interesting to know the 
various interatomic distances in the (TeMo,O,,)® ion, since the above formula would 
suggest that MoO, should be about 2-3, MoOg about 1-95, and MoO, about 1-85 A. The 
tellurium atom in this structure can be replaced by iodine, which would have a formal 
charge of +1, molybdenum, and other metals. In all these the positive charge at the 
centre is not excessive, which it would be with these central atoms in an (NMj,049)"~ ion. 
Structure of H3PW,,049,29H,O.—Bradley and Illingworth’s diagrams? present the 
atomic locations in crystals of this substance most clearly, but they tend to be somewhat 
misleading regarding bonding, and therefore this aspect of this structure will be discussed. 
For instance they refer to the ion (H,,29H,O)**. However, in their structure 12 of the 
water molecules in their group of 29 are not bound (or only very loosely so) to the other 17 
(judged from interatomic distances given by them.) * It seems best to treat the 17 water 
molecules as made up of a group of 11 and six other separate water molecules which link 
the (11H,O) units to adjacent (PO,,0,°-) units. The 11H,O unit is made up in the 
following way: There is a central oxygen (O,’) which is linked tetrahedrally to four other 
oxygen atoms, O,’ (O-O distance 2-91 A). These four are linked to one another through 
six other oxygen atoms, O,’ (across the six edges of the tetrahedron). Again, the O-O 
distance is 2-91 A. (The O-O distances given by Bradley and Illingworth do not quite 
agree with the atomic co-ordinates they list; I have accepted that the co-ordinates are 
correct.) This construction means that the outer six oxygen atoms are mutually along 
six cartesian directions from the central atom. These six are linked to six further water 
molecules, O,’ (O-O separation 2-95 A). These form the group of 17H,O. The six O,’ are 
each close to oxygen atoms in PW,,0,,°- ions. With respect to the co-ordinate system 
of the PW,,0,4)°- unit used in Table 2 there are six O,’ atoms at (5-33,0,0), (—5-33,0,0), 
(0,5-33,0) . . . (0,0,—5-33). Their distances from the O, and O; atoms are 2-84 and 
2-77 A, respectively. So, by this means, the 17H,O units serve to bind the different 
(PW,,0,,)*- units together. But, further, the O,’ atoms are not only linked to two O, 
and two O; atoms of one (PW,,04,)3~ ion, but also to two O, atoms of two other (PW4.049)3- 
ions (one fromeach). The O,’—O, distances are 2:90 A. This adds further binding between 
the phosphotungstate ions. Moreover, it seems that the attraction between O,’ and O, 
atoms contributes to the displacement of the O, atoms so that the O,-O, separations are 
unexpectedly long (see Table 1). It is interesting that the O,’ atom is close to two O,, 
two O;, two O,, and one O,’ atom, only the last being the oxygen of a water molecule. 
The remaining 12 water molecules of Bradley and Illingworth’s group of 29 participate 
* These are Bradley and Illingworth’s 1 12 O, which are 2-92 A from other O, atoms (though not of 


the same set drawn by them in their Fig. 6). Each O, is also 2-85 A from one O, of an adjacent 
PW,,0,49*> unit. They are much farther from any other members of the (H;,29H,O)**+ group. 


14 Evans, J. Amer. Chem. Soc., 1948, 70, 1291. 
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in four six-membered rings. That is, three of the twelve, with a similar three from an 
adjacent 29H,O set, form a slightly puckered but almost planar ring of six in which the 
O-O separations are 2:92 A. Each oxygen atom of the six-membered ring is 2-90 A from 
one O; atom of a phosphotungstate ion. The six oxygen atoms in any given ring are 
linked to six different phosphotungstate ions, so that this provides further cross linking 
between the negative ions. 

A tempting question is: Where are the hydrogen atoms and particularly the three 
H,O* units (if there are such units)? It does not seem to the author that an answer can be 
given to this, though it appears improbable that the 3H* are associated with the unit of 
11 water molecules. It is more likely that they are associated with the O, atoms, since 
these have a tendency to be negatively charged (see earlier). 

It seems from the above discussion that the best formulation of the structure of this 
hydrated acid is not (H,29H,O)**(PW,,0,)-* but either 3H*(PW,.0,)~3(17H,0)- 
{4[3(6H,O)}} or 3H*(PW,,0,)"* {(11H,O),6H,O} {4[4(6H,O)]}. These formule are 
perhaps unduly complex but they are less misleading than the first, and there seems to be 
some advantage in specifying the 11H,O group in the formula. 

Other Structures.—Keggin * determined the structure of the lower hydrate of phospho- 
tungstic acid, probably H,PW,,.04,5H,O. He concluded that, in the cubic unit cell, 
there were anions at the corners, orientated similarly, and also at the cube-centres, 
orientated differently. The anions at the cube-centres “ interlock’ with four of those 
at the cube corners through the four groups of three projecting O, atoms, the three on one 
anion “ interlocking ’’ with three on the other anion. There is a water molecule situated 
between them which contributes to the binding. An anion is also linked to the six anions, 
in the cartesian directions from it, via six water molecules which are close to two O, and 
two O; atoms on each anion. Thus each anion is hydrogen-bonded to ten water mole- 
cules, each water molecule being shared between two anions. (In considering the above 
description it is important to recognise that the corners and centres of the cubes are 
equivalent positions.) 

Dawson has determined the structure of the ion (P,W,,0,.)®" and has shown how 
closely it is related to the PW,,0,,2" anion. It is clear therefore that that structure can also 
be considered satisfactorily in terms of a close-packed arrangement of oxygen atoms. 
However Dawson could not, unfortunately, place the oxygen atoms precisely so that the 
details of the binding cannot be determined. 

Another interesting anion is (MnMo,O,,)* which is found in (NH4),.MnMo,0,.,8H,0, 
and has a central manganese atom surrounded by nine molybdenum atoms; three of these 
molybdenum atoms are coplanar with the manganese atom, and three are in a plane on 
one side of the central plane and three in a plane on the other. The structure appears to 
involve a close-packing of the oxygen atoms, the manganese and molybdenum atoms 
occupying octahedral holes.4* Fig. 5 shows the structure suggested for this ion. There 
are four layers of oxygen atoms which are arranged in a fully cubic close-packed manner. 
The two middle layers are shown in Fig. 5a; there is a manganese atom in the central 
octahedral hole and three molybdenum atoms in the other three octahedral holes. Two 
outer layers of seven oxygen atoms (six round a central seventh) are added in the manner 
shown in Fig. 5b; the three octahedral holes produced by each of these layers are occupied 
by molybdenum atoms. There are six sets of oxygen atoms: the six round the central 
Mn(O,"’), the six touching three of these in the central layers (O,;’’), the outer six of the 
central layers (O,’’). In the outer layers there are the two at the centres of the hexagon 
(O,’’), the six which “‘ touch ’”’ the O,” of the central layers (O,’’) and the remaining six 
which do not (O,’’). There are two sets of molybdenum atoms: the three in the central 
plane, Mo;, and the outer six, Mo,. A satisfactory single electronic formula can be written 


15 Dawson, Acta Cryst., 1953, 6, 113. 
16 Waugh, Schoemaker, and Pauling, Acta Cryst., 1954, 7, 438. 
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for this ion in which the electrons are disposed as follows. Bonds: one-electron: MnOQ,”, 
Mo,0,"’, Mo,O,’", Mo,O,""; two-electron: Mo,0,", Mo,0;"; three-electron: Mo,O,”, 
Mo,O,”; four-electron: Mo,O,”’; unshared electrons: Mn: 3; O,”, 4; O,”, 4; O,”, 5; 
Ox", 4; Oy’, 5; On’, 5; Mo, and Mog, none. This places formal charges as follows: 
Mn, +1; O.”, —3; Oy”, —}; On”, —$; O.”, 0; O,”, 0; O,”, 0; Mo;, 0; Mog, 0, all of 
which are entirely reasonable. This accounts for the charge of —6 on the ion and for its 
259 valency-shell electrons. Waugh, Schoemaker, and Pauling ! give the following bond 
orders: for the above one-electron bonds %, 4, 3, and %, respectively; for the two-electron 
bonds, 1 for each; for the three-electron bonds, 1% for each; for the four-electron bond, 
13. The correspondence is therefore fairly good. However, the orders given by Waugh, 
Schoemaker, and Pauling 1* would require a representation involving resonance between a 
multitude of structures. From a diagram of the bond orders it will be seen that the Mo,O 
bonds which are directed mostly towards the central axis (MnO,’’) have low order (Mo,O,”’ 


Fic. 5a. Diagram showing two central layers Fic. 5b. Diagram showing one central and one 
of oxygen atoms in (MnMo,Q,,)*-. outer layer of oxygen atoms in (MnMo,0,,)*-. 
A 2d 9™*32 





also) while those directed away have high order (Mo,O,’’). The same is true for the outer 
molybdenum atoms, the three inwardly directed bonds being one-electron bonds and the 
outwardly directed bonds being of higher order (2, 1, and 14). This suggests that, in the 
actual structure, all the atoms will be somewhat further from the central axis than would 
be expected from “normal” radii. Unfortunately, the structure is not known with this 
detail. It is to be hoped that a more complete structure analysis may be possible; the 
length of the one-electron bonds would be expected to be about 2-3, the two-electron 
about 1-95, the three-electron 1-85, and the four-electron perhaps 1-75—1-8 A. An 
interesting point is that this ion should be capable of showing optical activity (a ball model 
is extraordinarily like the section of a screw, having thtee sloping grooves running down 
the side; the screw can be right- or left-handed). 

The above structure involves a greater unevenness of bond order than do such anions 
as phosphomolybdate, and this may be the reason why this is not so prevalent and formed 
by a variety of atoms. However, there is no high concentration of formal positive charge 
at the centre. 


I thank M. J. Woolven for the challenging remark he made in a tutorial which stimulated 
my interest in the structure of these compounds and also to Messrs. Read, Ward, Williams, 
and Goodall for the lively assistance they gave me. 
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By D. Brown and R. G. WILKINs. 


The absorption spectra of protactinium(Iv) in various mineral acids are 
described and their significance is discussed. The solubility and spectra of 
protactinium pentachloride in certain organic solvents are investigated. 


SEVERAL publications have appeared since the earlier work of Elson? on the absorption 
spectra of protactinium(v) and protactinium(Iv) in acid media. The spectra of prot- 
actinium(v) in hydrochloric acid have been thoroughly examined and _ interpreted.?*4 
The spectrum of protactinium(Iv) in hydrochloric acid was first obtained by Fried and 
Hindman ® who dissolved protactinium tetrachloride in M-hydrochloric acid. Essentially 
the same spectrum was obtained by complete reduction of protactinium(v) by zinc amalgam 
in hydrochloric acid.4 More recently the spectra of protactinium(v) and of prot- 
actinium(Iv), containing small amounts of protactinium(v), in hydrochloric and other 
acids have been described.* 

We report now the spectra of protactinium(Iv) in hydrobromic, sulphuric, and per- 
chloric acid and some isolated observations on solutions of solid protactinium pentachloride 
in certain organic solvents. 

EXPERIMENTAL 


Materials. —The long-lived «-active **4Pa was used. The concentration of protactinium 
was determined by radioassay in an argon gas-flow proportional counter. Protactinium was 
purified by a method, simpler and more quantitative than that previously described,’ and 
based on results obtained by Goble ef al. The addition of anhydrous aluminium chloride to 
a hydrochloric—hydrofluoric acid solution containing protactinium(v) allowed extraction by 
isobutyl methyl ketone from which protactinium was removed again by a similar 
mixed acid. After several cycles, silica was removed by evaporation with hydrogen fluoride 
in a platinum crucible, and protactinium was precipitated from 20m-hydrofluoric acid as 
potassium fluoroprotactinate. This solid was dissolved, with a small amount of aluminium 
trichloride, in 6M-nitric acid, extracted into isobutyl methyl ketone, and removed 
therefrom into dilute hydrofluoric acid. Finally protactinium(v) hydroxide was precipitated 
and either dissolved in the required acid or used as the starting material for the preparation 
of protactinium pentachloride.? Reduction of this with hydrogen produced tetrachloride.®? 
For more details see ref. 3b. 

Benzene, methanol, and acids were of “‘AnalaR”’ grade. Benzene and tetrahydrofuran 
were dried by sodium, and anhydrous methanol was obtained by Lund and Bjerrum’s method.® 
Thenoyltrifluoroacetone was distilled twice in vacuo before use, and isobutyl methyl ketone 
was distilled once. i 

Reduction and Spectral Experiments.—Stock solutions of protactinium(v) in sulphuric acid ] 
(2 mg./c.c.) were diluted as required and reduced with zinc amalgam as described previously.® 
Protactinium(v) hydroxide was only sparingly soluble in 8M-hydrobromic acid (~8-0 x 105m), 
and solutions were reduced immediately after preparation to prevent hydrolysis. The solubility 
of protactinium hydroxide in 6m-perchloric acid was very small‘ (about 2 x 10% mg./c.c.) 


* Part of a paper presented at the XVIIth Internat. Congress Pure Appl. Chem., Munich, 1959. 


1 Elson, “‘ The Chemistry of Protactinium,” in ‘‘ The Actinide Elements,” ed. Seaborg and Katz I 
(National Nuclear Energy Series), McGraw-Hill, New York, 1954, p. 125. I 
2 Casey and Maddock, J. Inorg. Nuclear Chem., 1959, 10, 58. 
3 (a) Brown, Smith, and Wilkins, J., 1959, 1463; (b) Brown, Ph.D. Thesis, Sheffield, 1960. 1 
* Guillaumont, Muxart, Bouissiéres, and Haissinsky, Compt. rend., 1959, 248, 3298; J. Chim. phys., ¢ 
1960, 57, 1019. a 
5 Fried and Hindman, J]. Amer. Chem. Soc., 1954, 76, 4863. ' 
* Goble, Golden, Maddock, and Toms, “‘ Progress in Nuclear Energy,’”’ Series III, Vol. II, ‘‘ Process 
Chemistry,”’ Pergamon, London, 1958, p. 86. C 
? Sellers, Fried, Elson, and Zachariasen, J. A mer. Chem. Soc., 1954, 76, 5935. . I 


8 Lund and Bjerrum, Ber., 1931, 64, 210. 
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and such solutions would not give sufficient absorption after reduction. Attempts to reduce 
a suspension of the hydroxide in 6m-perchloric acid were unsuccessful. Consequently the 
tetrachloride was dissolved in oxygen-free perchloric acid. Oxygen was removed from 
perchloric acid by a stream of nitrogen which had been passed through a solution of 
chromous chloride and dried with phosphorus pentoxide. Samples of the tetrachloride (in 
small capillary tubes) were dissolved in 1-0m- and 11-0m-hydrochloric acid. Cells were filled 
in an atmosphere of argon or nitrogen.* All controls for spectral work were treated in an 
identical manner to those containing protactinium, and the spectra were measured with 2 cm. 
matched stoppered quartz cells in a Unicam S.P. 500 spectrophotometer. 


RESULTS AND DISCUSSION 


The spectra of protactinium(Iv) in solutions of various acids are reproduced in the 
Figure. In the Table are listed the peak positions for protactinium(Iv) in different media. 











Sr 
-” OF 
' 
Ultraviolet absorption spectra of prot- © 

actinium(Iv) solutions. 
A, D, F, G: see Table. 

O-5F 

“ F 
250 _ 300 350 
Wavelength (mp) 

Solvent Amax. (My) Solvent Amax. (My) 
=o _ | Rarer rer Ener OS eS eer — —>293 
Bo eee en 225, 256, 277 F, 8-OM-Br- (5-6M-H?*) ............... —°* 260, 282 
i,t SEINE wlvinoscadstnamecentictiuda 224, 255, 276 G, 3-Om-SO,*- (4-4m-H*) ............ 235, 267, 289 
D, 7-Om-Cl— (1-7m-H+) ..........0006 229, 260, 282 


* Ref. 5. ° Obscured by protactinium(v) produced by traces of oxygen. * This peak was not 
observable because of high absorption of bromide ion below 250 mz. 


As with hydrochloric acid, complete reduction to the lower valency state occurs in hydro- 
bromic and sulphuric acid, provided freshly prepared solutions of protactinium(v) in 
relatively high acidity are in contact with zinc amalgam for about 6 hours. It is difficult 
then to understand the incomplete reduction observed in high concentrations of sulphuric 
and hydrochloric acid; * only two maxima for protactinium(Iv) were reported, the third, 
at lowest wavelengths, being obscured by absorption due to protactinium(v). 
Re-oxidation is observed when protactinium(rIv) in sulphuric acid is stored in sealed 
cells. This can be estimated as ~10% in three days, from the increased optical density 
below 220 mz. Complete oxidation occurs within two hours if the solutions are exposed 
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tothe atmosphere. In contrast to the behaviour in hydrochloric acid solutions,’ the spectra 
of the re-oxidised solutions from different experiments are similar and resemble that of 
protactinium(v) in sulphuric acid with a peak at 215 my and a slight inflection around 
290 mu.® 

A sufficient concentration of protactinium(rv) in perchloric acid could only be obtained 
by dissolving protactinium tetrachloride in 1-5m-perchloric acid, in which it is readily 
soluble. Re-oxidation takes place when the solutions are stored overnight in sealed 
cells, and more quickly when exposed to the atmosphere. The protactinium(v) perchlorate 
produced is rapidly hydrolysed and settles as a white solid. 

The close similarity between the spectra of protactinium tetrachloride in dilute per- 
chloric and hydrochloric acid solutions, and in the values for the molar extinction coeffi- 
cients at the maxima, suggests that the same species may exist in both solutions. This 
may be PaCl, or lower chloride complexes or even the non-complexed Pal",,, since the 
chloride concentration in the perchloric acid cannot much exceed 10°m. However, this 
criterion of identical spectra must not be forced, since although the spectra of 
uranium(tv) !° and plutonium(rv) # in dilute hydrochloric acid do not differ noticeably 
from those in perchloric acid, there is clear evidence for complexing of uranium(rv) ?* and 
plutonium(Iv) #* by chloride ions. The displacement of spectral maxima at higher 
chloride concentrations, in bromide and especially in sulphate media (see Table), does, 
however, constitute definite evidence for complex-formation between protactinium(Iv) 
and these anions. An attempt was made to examine the ion-exchange behaviour of 
protactinium(Iv) in sulphuric acid.** Because of the scarcity of material, we had to use 
3 xX 10°m-protactinium(Iv) solutions, and in this dilution we found that re-oxidation 
occurred on contact with the resin, even if the latter was especially treated to remove 
traces of oxygen. 

Protactinium pentachloride dissolves readily in anhydrous and aqueous methanol, to 
give a stable colourless solution. No spectral changes * or loss of protactinium from a 
9 x 10°m-solution were detected during three weeks. The solubility in methanol has 
been used by Flegenheimer * in his analysis of protactinium pentachloride. The solutions 
probably contain a stable methoxide. The solutions of protactinium pentachloride in 
tetrahydrofuran (6 x 10°m) are colourless (¢ at max. 232 my = 1-16 x 104) and the 
spectrum shows little change during three days provided the solutions are stored in a 
sealed cell. A stable complex must be formed in these solutions, since addition of thenoyl- 
trifluoroacetone produces no yellow colour (see below). If the solutions are left in open 
vessels, however, hydrolysis and deposition of protactinium(v) occur rapidly. 

The intense yellow colour of the complex formed between protactinium(v) and thenoyl- 
trifluoroacetone has been repeatedly observed during the extraction of protactinium(v) 
from hydrochloric acid solutions.2® The spectrum of a solution of protactinium penta- 
chloride (~10m) in 0-1m-solutions of thenoyltrifluoroacetone in benzene has a peak at 
414 mp (¢ 1-55 x 10*). Such solutions obey Beer’s law at this wavelength, but the absorp- 
tion is unlikely to be analytically valuable for the estimation of protactinium(v) since 
many metal-thenoyltrifluoroacetone complexes absorb strongly around 400 mp.% Observ- 
ations at wavelengths lower than this are prevented by the absorption of thenoyltrifluoro- 
acetone in benzene. 


* A solution of protactinium pentachloride in anhydrous methanol absorbs significantly only below 
305 mu. There is no peak to our limit of observation (225 my), values of ¢ here being ~10*. 


* Brown, Sato, Smith, and Wilkins, ]. Inorg. Nuclear Chem., in the press. 
10 Hoekstra and Katz, ‘‘ The Chemistry of Uranium,” in ‘“‘ The Actinide Elements,”’ ed. Seaborg 
and Katz, McGraw-Hill, New York, 1954, p. 163. 
Hindman, as ref. 10, p. 337. 
Kraus and Nelson, J. Amer. Chem. Soc., 1950, 72, 3901. 
Rabideau, J]. Amer. Chem. Soc., 1956, 78, 2705. 
Flegenheimer, Ph.D. Thesis, Cambridge, 1959. 
IKXhopkar and De, Chem. and Ind., 1959, 291, 854. 
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738. 7-C'yclohexadienylmanganese Tricarbonyl and Related 
Compounds." 


By G. Winkuaus, L. Pratt, and G. WILKINSON. 


The reduction of the manganese tricarbonyl cations of benzene and 
other aromatic hydrocarbons, ArMn(CO),*, by sodium borohydride and 
other reagents has given m-cyclohexadienylmanganese tricarbony] derivatives, 
(ArH)Mn(CO),. Infrared and high-resolution nuclear magnetic resonance 
spectra of the derivatives are given. 


DuRING studies of the interaction of cyclohexa-1,3-diene with metal carbonyls it was 

observed that with dimanganese decacarbonyl in a rather critical temperature range, 

140—160°, small quantities of a monomeric diamagnetic compound of stoicheiometry 

C,H,Mn(CO), were obtained. High-resolution nuclear magnetic resonance and infrared 
spectral studies showed that the compound had to be regarded as 
m-cyclohexadienyl-manganese tricarbonyl (I) in which a new type of 
partially delocalised ring system is bound to the metal atom. It 
was then shown that this compound, the corresponding deuterium 
compound, and substituted derivatives can best be obtained by 
reduction of the appropriate arenemanganese tricarbonyl ions or 
their salts. 

Arenemanganese Tricarbonyl Salts.—Although the mesityleneman- 
ganese tricarbonyl ion has been isolated as the iodide? and the benzene and toluene deriv- 
atives have been mentioned, no preparative details or properties of these ions are available. 
We have prepared the cations with benzene, toluene, mesitylene, hexamethylbenzene, and 
naphthalene as ligands by the interaction of manganese pentacarbonyl chloride with an 
excess of the aromatic hydrocarbon at 60—80° in the presence of aluminium chloride. 
Hydrolysis of the reaction mixtures gives yellow aqueous solutions of the ions ArMn(CQ),* 
which can be isolated as the perchlorates, polyiodides, tribromides, mercuric chlorides, etc. 
Solutions of the salts are fairly stable at room temperature, even in air, but decompose 
slowly losing carbon monoxide; the compounds are more stable in acid solutions but 
are decomposed on addition of sodium hydroxide or other base. The infrared spectra 
of the salts are all similar and show a sharp band in the region 3100—3080 cm. char- 
acteristic of aromatic C-H stretch, two very strong carbonyl] stretching modes at ca. 2070 
and 2010 cm. as well as bands due to the co-ordinated arenes (cf. ref. 2). 

n-Cyclohexadienylmanganese Tricarbonyl Complexes.—Cyclohexa-1,3-diene has been 
shown to form olefin complexes with iron,? molybdenum,’ and cobalt carbonyls,® but with 
manganese carbonyl a compound of stoicheiometry and molecular weight C,H,;Mn(CO), 
was obtained. This compound could be considered to arise by loss of a hydrogen atom 
from the cyclohexadiene just as x-cyclopentadienyl derivatives arise by loss of hydrogen 


' Preliminary note: Winkhaus and Wilkinson, Proc. Chem. Soc., 1960, 311. 
2 Coffield, Sandel, and Closson, J. Amer. Chem. Soc., 1957, 79, 5826. 

% Hallam and Pauson, /., 1958, 642. 

4 Fischer and Frohlich, 7. Naturforsch., 1960, 15b, 266. 

*> Winkhaus and Wilkinson, Chem. and Ind., 1960, 1083; /., 1961, 602. 
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in the interaction of cyclopentadiene with metal carbonyls. Although this reaction may 
well proceed through an intermediate olefin complex we have been unable to isolate such 
a complex in the direct reaction, which proceeds only at about 150° and gives only low 
yields of the compound. Reduction of the arenemanganese tricarbonyl cations with 
sodium borohydride in aqueous solution, or, more conveniently, reduction of the anhydrous 
perchlorates in ether suspension by lithium aluminium hydride, provides a general method 
for the preparation of C,H,Mn(CO),, the deuterium compound, (C,H,D)Mn(CO), (by use 
of lithium tetradeuteroaluminate), and of substituted derivatives, in good yields. The 
complexes so far prepared have been derived from benzene, toluene, mesitylene, hexa- 
methylbenzene and naphthalene. Although the mechanism of these hydrogen-transfer 
reactions is not yet elucidated, it seems likely that a metal-hydrogen bond is first formed, 
followed by transfer to the hydrocarbon ring (cf. also refs. 7, 8). 

Chemical Properties —The chemical properties of the x-cyclohexadienyl compounds 
are very similar. They are yellow or orange crystalline solids or oils, which readily sublime 
in a vacuum and are readily soluble in common organic solvents but insoluble in, and 
unaffected by, water; they have strong camphoraceous odours. In air they are reason- 
ably stable but their solutions in benzene or other hydrocarbons decompose extensively 
within an hour or two in air, giving brown paramagnetic material. 

The compounds possess a reactive hydrogen atom, considered to be the H, atom of 
the methylene group formed in the reduction (see below) and in this respect closely resemble 
the cyclopentadiene—metal complexes which possess such a reactive hydrogen atom.’§ 
Thus they react with carbon tetrachloride and with other hydride-abstracting reagents 
such as triphenylmethy] tetrafluoroborate. In these reactions salts of the arenemanganese 
tricarbonyl ion are re-formed so that the reaction 


a 
ArMn(CO),3* === (ArH)Mn(CO); 
—H- 


is reversible. With carbon tetrachloride the complex C,H,Mn(CO), gives some un- 
identified, white, insoluble, organic material and red crystals; the latter dissolve in water 
and the solution gives precipitates which were shown to be identical with those given 
by C,H,Mn(CO),* with large anions. Chloroform and some carbonyl chloride are also 
formed in the reaction, as shown by infrared spectra and gas chromatography; the deutero- 
compound gives deuterochloroform. The compounds also react with 5N-hydrochloric 
acid, to give yellow solutions which do not give precipitates with large anions. Acetyl 
chloride reacts with the complex C,H,Mn(CO), only in presence of aluminium chloride 
and after hydrolysis the C,H,Mn(CO),* ion was isolated and characterised. The sub- 
stituted derivatives are thermally less stable than C,H,Mn(CO),, which is unchanged up 
to ca. 160°, and also react more rapidly. It is of interest that in some of the hydride- 
abstraction reactions, e.g., of CSH,Mn(CO), with carbon tetrachloride, transient red colours 
are observed but the nature of any intermediate species is not at present known. 

The toluene compound, as directly prepared, is an isomeric mixture which was separated 
chromatographically into two main fractions, each of which still appears from its nuclear 
magnetic resonance to be complex. . 

Spectroscopic Properties and Structure.—The infrared spectra of the various compounds 
and of the salts from which they were obtained are listed in the Experimental section. 

In the (ArH)Mn(CO), compounds, a sharp band of weak or medium intensity is observed 
in the region 3080—3010 cm.*, shifted to lower wavenumbers than in the corresponding 
ArMn(CO),* salts. In C,H,Mn(CO), and (C,H,D)Mn(CO), there is a band at ca. 2970 cm. 
which can be clearly assigned *® to the C-Hg stretching mode of the methylene group; 


® For references see Wilkinson and Cotton, ‘‘ Progress in Inorganic Chemistry,” Interscience Pub- 
lishers Inc., New York, 1959, Vol. I, p. 1. 

7 Green, Pratt, and Wilkinson, J., 1959, 3753. 

8 Davison, Green, and Wilkinson, J., 1961, 3172. 
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in the methyl-substituted complexes this band is obscured by the methyl group stretches 
at ca. 2970 and 2880 cm.1. In C,H,Mn(CO), the single strong band at 2830 cm.* shifts 
to 2120 cm.* in (CgH,D)Mn(CO), [vq (obs.)/vp(obs.) = 1-34] and can be assigned as before 78 
to the C-H, stretch of the methylene group. As with the cyclopentadiene system it is 
clear that the hydrogen atom of the methylene group originating in the hydride reductant 
is the one which is responsible for the unusually low and strong C-H stretching frequency 
and is the one removed by chemical attack. The substituted derivatives show a similar 
band at ca. 2820 cm.*. 

In the carbonyl region, two very strong bands are always observed at 2020—2000 
and 1950—1920 cm.1, respectively. The lower band, though broad, has not been resolved; 
it may be complex. All of the compounds show three bands in the region 4070—3870 cm. 
which appear to be overtones of the C—O stretching fundamentals, and this suggests that 
the lower carbonyl band is in fact a doublet. Three C-O stretches would be expected 
for molecules of the type (I), since free rotation of the organic portion relative to the Mn(CO), 
group is not likely to occur; it happens in the case of x-C;H;Mn(CO), where the symmetry 
is higher. 

There is no absorption in the 1600 and 1500 cm.-! regions where the C=C stretching 
modes of aromatic hydrocarbons are found or where cyclohexadiene absorbs (1600, 1577 
cm.+). Instead, bands appear in the region 1450—1400 cm. which can be reasonably 
assigned as the ring C-C stretching modes, lowered by conjugation and bonding to the 
metal; in the methyl-substituted complexes, C-H deformation frequencies obscure this 
region. Bands at ca. 1300 cm.+ for. CgH,;Mn(CO), [1277 cm.+ for (C,H,D)Mn(CO)g] 
appear to be the deformation modes of the >CH,Hg group. 

The high-resolution nuclear magnetic resonance spectra of the complex C,H,;Mn(CO), 
and its substituted derivatives, details of which, with assignments, are given in the Experi- 
mental section, agree with the proposed structure (I). The C,H, group has a plane of 
symmetry through C,)—C,4), perpendicular to the ring, and is symmetrical about this 
plane. However, there is a marked non-equivalence between the hydrogen atoms Hy, 
H¢,3), and Hg). The relative shifts could be the result of changes in the long-range shield- 
ing contribution of the z-electrons, not necessarily involving different x-electron densities 
at positions 2, 3, and 4. There are, however, appreciable solvent shifts in polar solvents, 
suggesting that there are slight differences in charge density at these positions, and it may be 
noted that similar solvent effects have been observed for the x-allyl-metal complexes.® 1° 

The two methylene protons in C,H,Mn(CO), are not equivalent chemically or in the 
infrared spectrum, and they are not equivalent here; one of them (Hg) is obscured by the 
band due to Hy + He, while the other (H,), which occurs at + = 8-4, is absent for the 
deuterium compound, confirming its assignment as that closer to the metal atom. In 
the hexamethyl compound, the 4- and 3(5)-methyl group are very nearly equivalent. 
The 2(6)-methyl groups differ from the others and show in addition a small doublet 
separation, presumably due to splitting by the single H, proton on Cq). The 1-methyl 
group shows a larger doublet splitting, 6-9 c./sec., as would be expected from a single 
proton on Cy. The lines due to this single proton could not be observed, but rough esti- 
mates based on the relative intensities of the 1-methyl doublet at 40 and 56-4 Mc./sec. 
indicate that the resonance lies in the region + = 8-0—8-5, 1.e., where the high-field 
methylene proton occurs for CgH,Mn(CO)s. ; 

The other methyl-substituted compounds are less stable in solution and their spectra 
were not so well resolved owing to the presence of traces of paramagnetic material resulting 
from decomposition. In the product from 1,3,5-trimethylbenzene, the presence of a 
band at + = 4-9 indicates the presence of a proton in a position parva to the reduced 
carbon atom [?.e., corresponding to Hi) in C,H,;Mn(CO),], so that the added hydrogen 
atom should have formed a >CH,Me group, although such a group (giving a methyl line 


® Dehm and Chien, J]. Amer. Chem. Soc., 1960, 22, 4429. 
10 Jones and Wilkinson, unpublished results. 
61 
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split into a doublet of about 7 c./sec.) could not be observed in the high-field region. The 
relative intensities of the high- and the low-field band suggest, however, that there is a 
mixture of the two possible isomeric products. 

In the case of the monomethyl derivative, isomers are again to be expected and 
chromatography on alumina in this case showed two main components. For the fraction 
eluted first there are two different major methyl resonances, so that this fraction itself 
appears to contain more than one isomer; since neither of the isomers shows a splitting 
of more than 1-5 c./sec. there is hence very little of the isomer with a ~CHMe group present. 
However, we have been unable to separate further the isomers, and the complexities 
of the spectra do not allow us to rule out the possibility of up to 10% of an isomer with a 
~CHMe grouping. The fraction eluted second, which we have been unable to separate 
further, has a similarly complex spectrum. Although this fraction appears to contain 
small amounts of the two isomers of the first fraction, the major component has a methy] 
resonance at a position different from those of the other two isomers, and, like them, 
does not have a ~CHMe grouping. Hence the three major products appear to be the three 
isomers with methyl groups at positions 2, 3, and 4. These are the ones to be expected 
on chemical grounds, since hydride ion attack would be more likely at positions remote 
from the methyl group. 

[Added in proof: The nuclear magnetic resonance spectrum of the compound C,,H,,Fe ™ 
appeared to be very similar to those of cyclopentadiene complexes ” at 40 Mc./sec. and was 
accordingly formulated as CgH,FeC;H,. However, at 56-4 Mc./sec. additional bands can 
be observed ? which, together with intensities of the lines measured on an integrator, show 
unequivocally that the compound must be re-formulated as x-cyclopentadienyl-rz-cyclo- 
hexadienyliron(11), =-C;H,;Fe-x-C,H,. An unstable x-cyclohexadienyliron tricarbonyl 
cation has also recently been obtained by hydrogen abstraction from cyclohexa-1,2-diene- 
iron tricarbonyl.™ 


EXPERIMENTAL 


Microanalyses by the Microanalytical Laboratory, Imperial College, and the Mikro- 
analytisches Laboratorium, Max-Planck Institut, Miilheim. Molecular weights were determined 
cryoscopically in cyclohexane or ebullioscopically in benzene. 

All preparations and most operations were carried out in a nitrogen atmosphere or in 
vacuo. 

Benzenetricarbonylmanganese Ion and Salts.—Manganese pentacarbony] chloride }* (3-45 g., 
15 mmoles) and anhydrous aluminium chloride (3 g.) were refluxed for 6 hr. in anhydrous benzene 
(30 ml.). Carbon monoxide and a trace of hydrogen chloride were evolved and two layers 
separated, the lower being orange and containing the organomanganesecarbonyl—aluminium 


TABLE 1. Analyses of arenemanganese tricarbonyl salts. 








Found (%) Required (%) 
t A = et ——— ‘ 
Cc H Cl Cc H Cl 
| ee a ee 34-1 1-8 on 3415 1-9 soe 
CNIS, cnisccncssscssniscsdmnrtanncns 36-1 24 10-95 36-3 24 107 
a srescasvnscnieeateshiann 400 «3609 40-2 3-4 9-9 
C,Hy,Mn(CO),{Cr(NH,),(SCN),]..-0.-0.0-+. 36-9 42 13-45(N) 368 39 13-6 (N) 
CMI, cociscosscsscensesccosesens 410 33 42-6 2-2 


chloride complex. After addition of ice-water (40 ml.) the yellow acidic aqueous solution 
was filtered; the benzene layer, which is yellow, contained some unchanged Mn(CO),Cl, and 
also Mn,(CO),., as shown by infrared spectra. An excess of 30% perchloric acid was added to 
the aqueous solution and the precipitated pale yellow perchlorate (dec. ca. 160°) (Table 1) was 


11 Green, Pratt, and Wilkinson, /]., 1960, 989. 
12 Fischer and Fischer, Angew Chem., 1960. 72, 919. 
‘8 Abel and Wilkinson, J., 1959, 1501. 
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filtered off, washed with methanol and ether, and dried in vacuo [yield, 2-1 g., 45% based on 
Mn(CO),;Cl}. Addition of the appropriate anion gave a pink reineckate, white tetraphenyl- 
borate, and brown polyiodide; precipitates were also given by PtCl,?-, bromine water, mercuric 
chloride, etc. 

Addition of hydrogen peroxide to the aqueous solution, after an induction period, gives a 
red colour which is stable for some hours. 

Substituted Arenemanganesetricarbonyl Ions and Salts.—The toluene, mesitylene, hexa- 
methylbenzene, and naphthalene derivatives (Table 1) were prepared as above, except that light 
petroleum (b. p. 50—70°) was added to the reaction mixture in order to avoid high reaction 
temperatures which cause rearrangement and decomposition of the arenes under the influence 
of aluminium chloride. 

Under the prescribed conditions, fluorobenzene gives only the benzene derivative, as shown 
by analysis, infrared spectrum, and reduction. 

m-Cyclohexadienylmanganese Tricarbonyl.—Method 1, from cyclohexa-1,3-diene. Manganese 
carbonyl (3-9 g., 10 mmole) and cyclohexa-1,3-diene (4 g., 50 mmoles) were heated in mesitylene 
(50 ml.) at about 145° for 12 hr. After removal of solvent at 20°/10 mm., the residue was 
chromatographed on alumina with light petroleum (b. p. 30—40°)-ether as eluant; the first 
band contained unchanged Mn,(CO),9; the second fraction, on evaporation, left m-cyclohexa- 
dienylmanganese tricarbonyl (0-09 g., 2%) which was purified by vacuum-sublimation and 
crystallisation from light petroleum, forming yellow square plates, m. p. 78°, decomp. ca. 
160° (Table 2). The low yield is probably due in part to decomposition at the reaction tem- 
perature, but no reaction occurs in lower-boiling solvents in a convenient time. 

Method 2. To the aqueous chloride solution of the C,H,Mn(CO),* obtained as above from 
3-45 g. of Mn(CO),Cl was added in portions sodium borohydride (3 g.). The solution was 
extracted with n-pentane (6 x 50 ml.) as rapidly as possible and, after drying (Na,SO,), the 
yellow pentane solution was reduced to a few ml. im vacuo. This residue was transferred to an 
alumina column which was eluted with pentane-ether. The first yellow band, after removal 
of solvent and sublimation of the residue at 40°/10°3 mm., gave m-cyclohexadienylmanganese 
tricarbonyl [0-59 g.; overall averaged yields based on Mn(CO),Cl, 18%]. A very small yield 
(ca. 20 mg.) of a second product which is eluted after the main component is formed; the 
nature of this substance has not been elucidated. 

Method 3. To a suspension of anhydrous C,H,Mn(CO),CI1O, (2-1 g.) in ether (50 ml.) was 
added lithium aluminium hydride (1 g.) in small portions. The solution gradually became 
yellow and after 15 min. an excess of water (15 ml.) was carefully added in portions. More 
ether was added and the layers were separated. The ether layer was dried (Na,SO,) and reduced, 
after which the product was chromatographed as before [Ist band, 0-55 g. (41% based on per- 
chlorate); 2nd band, 12 mg.]. This method was utilized to prepare the deuterium compound 
(CgH,D)Mn(CO), by lithium tetradeuteroaluminate. 


TABLE 2. Analyses of x-cyclohexadienylmanganese carbonyls. 








Found (%) Required (%) 

’ an a a a amy 

M. p. Colour Cc H M Cc H M 

C,H,Mn(CO),* ... 78° Yellow 49-5 3-5 218 49-6 3-2 218 
(CgH,DMn)(CO), ... 7 - 49-3 3-7 

CjH,yMn(CO), (A)... Oil 2 51-6 3-8 258 51-7 3-9 232 
C,H,Mn(CO), (B)... Oil Yellow-orange 52-0 41 51-7 3-9 
C,H,,Mn(CO), ...... Oil Orange 56-1 5-8 55-4 5-0 
C,eH;Mn(CO);...... 70 se 60-6 71 59-6 6-3 
CyH,Mn(CO), ...... ca. 10 56-9 5-0 58-2 3-4 

* Found: O, 21-4. Required: O, 22-0%. F 


Method 4. ‘To the aqueous solution, as in method 2, were added magnesium turnings 
(2 g.) and concentrated hydrochloric acid (3 ml.); the red-brown solution was extracted with 
ether (4 x 50 ml.), and the products were isolated as before [lst band, 60 mg. (2%)]; the 2nd 
band was poorly defined. 

Substituted n-Cyclohexadienylmanganese Tricarbonyls.—The substituted derivatives were 
prepared from the aqueous solutions of their ions by method 2; methods 3 and 4 gave much 
lower yields than in the benzene case. The compounds were isolated as for C,H,Mn(CO), 
except that the liquid derivatives were ‘‘ molecularly” distilled to a dry ice-cooled probe 
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from which after warming they were allowed to run into a small container within the sublim- 
ation apparatus. 

The toluene complex has isomers which were partially separated by chromatography on 
alumina. 

In all cases traces of a second band were obtained for the substituted derivatives. 

Infrared Spectra.—A Perkin-Elmer model 21 instrument with calcium fluoride and sodium 
chloride optics was used. Spectra of the perchlorates of polyiodides were taken in potassium 
bromide discs; bands due to perchlorate are omitted. 

C,H,Mn(CO),*: 3086s, 2083vs, 2024vs, 1453s, 1433m, 1385w, 1169m, 1013s, 827m, 645s,br. 

C,H,Mn(CO),*: 3086s, 3003w, 2940w, 2469w, 2075vs, 2004vs, 1549m, 1468s, 1449m, 1383m, 
1208m, 1164s, 1000m, 855m, 783m, 650s,br. 

C,H,.Mn(CO),*: 3115m, 3071s, 2941w, 2483w, 2070vs, 2016vs, 1564m, 1462s, 1383s, 1305s, 
1038m, 999w, 928m, 666m, 65l1s,br. 

C,.H,,Mn(CO),*: 3100w, 2950w, 2049vs, 1988vs, 1439w, 1381s, 1284w, 1068w, 1000m, 
655s. 

C,,>H,Mn(CO),*: 3096s, 2949w, 2075vs, 2012vs, 1554m, 1468s, 1431m, 1385m, 998w, 931w, 
649s. 

Spectra of the z-cyclohexadienyl compounds were taken in carbon tetrachloride (rapidly), 
tetrachloroethylene (which reacts more slowly), and carbon disulphide solutions. 

C,H,;Mn(CO),: 4065w, 3960m, 3884w, 3080w, 2968m, 2830s, 2410w, 2020vs, 1942vs, 1453m, 
1405m, 1307s, 1154m, 1052s, 918m, 839m, 657s, 636s. 

(C§xH,D)Mn(Co),: 4060w, 3975m, 3876w, 3080w, 2967m, 2874w, 2412w, 2150sh, 2119s, 
2018vs, 1937vs, 1455m, 1403m, 1323m, 1277s, 1153w, 1015s, 977w, 896w, 824m, 656s, 639s. 

C,H,Mn(CO),: 4065w, 3968m, 3876w, 3058m, 2972m, 2890m, 2809s, 2404w, 2010vs, 1933vs, 
1449m, 1383s, 1323w, 1307m, 1290w, 1194w, 1039m, 906w, 660s. 

C,H,,Mn(CO),: 4050w, 3968m, 3876w, 3012m, 2967m, 2907m, 2825s, 2420w, 2008vs, 
1923vs, 1534m, 1491m, 1460m, 1439m, 1379s, 1324s, 1258m, 1187w, 1172w, 1156m, 1047s, 
1038s, 1012s, 972m, 833w, 684w, 662s. 

C,.H,.Mn(CO),: 3960w, 3003sh, 2959s, 2809m, 2000vs, 193lvs, 1381s, 1313m, 1214m, 
1058w, 663m? 

C,,>H,Mn(Co),: 4065w, 3952m, 3906w, 3049w, 2959s, 2825s, 2404w, 2326w, 2004vs, 1938vs, 
1492m, 1425m, 1035m. 

High-resolution Proton Resonance Spectra.—Spectra were recorded on a Varian instrument 
operating at 56-45 and 40 mc./sec. Samples were measured in 10% solutions in benzene, 
containing a little tetramethylsilane as reference; the C,H, compound was also measured in 
other solvents. Line positions in t values; splittings accurate to about + 0-2 c./sec. 

C,H,Mn(CO),: Band A, 4-80, triple triplet, Hi) split by His) + Hys) (5-1 c./sec.), and by 
He) + Hy (1-2 c./sec.); band B, 5-84, complex, approx. triplet (6-5 c./sec.), Hi) + Hy) each 
split by Hy) and by adjacent proton of Hy) and Hy); band C, 7-65, complex, Hi) + H@); 
7-7, (Hg) and 8-44 (H,) (band D), two protons (AB pair) of CH, group, mutual splitting ~11 
c./sec.; additional splitting by Hy) + He). 

In the solvents C,H,,, CCl,, CHCl,;, Me,CO, and Me,SO, band A is centred at 4-24, 4-15, 
4-08, 3-83, and 3-86, respectively, and band B at 5*33, 5-20, 5-17, 4-98, and 4-95, respectively. 
In CCl, and CHCl,, band C is at 7-1 and band D at 7-4. 

(C,H,DMn)(CO),: 4-83, H(4) (same as band A above); 5-84, approx. main triplet (5-5 c./sec.), 
Hy) + Hy), each split by Hy) and by H,.) or Hy); ~7-7, complex band (two main double peaks, 
one with peaks at 132-1 and 130-7 c./sec. from the reference, the other (more intense) with 
peaks at 126-5 and 124-3 c./sec., Hi) + Hyg) and Hg of SCHD group. 

C,H,,;Mn(CO),: Spectrum poorly resolved. Weak bands at 4-9, and 5-8 may represent 
small proportions of protons at positions Hy) and (Hi) + Hy) respectively, and that at 7-7, 
protons in Hi) + Hg) positions; 7-9, (?) single peak, possibly methyl groups of trimethyl 
benzene as impurity; 8-2—8-8, unresolved band, peaks at 8-54 and 8-67 (chemical shifts), 
methyl groups in manganese compound. 

C,,H,,Mn(CO),: 8-31 and 8-33, 4-methyl and (3 + 5)-methyl groups, 8-73, doublet (1 c./sec.), 
(2 + 6)-methyl groups, split by H, of ~CHMe group; 8-88, doublet, components at 65-9 
(stronger) and 59 (weaker) c./sec. from reference; methyl protons of ~CHMe group. 

C,H,Mn(CO), (first fraction): 4-89, triplet, Hi) split by Hi) + H;,) [asymmetry suggests 
this may be a mixture of a triplet with a doublet, from the isomer with a methyl group at the 
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3 or 5 position]; 4-16, five components, Ho) + Hg), again representing more than one isomer, 
since the overall width is less at 40 mc./sec. (18 c./sec.) than at 56-4 mc./sec. (21-5 c./sec.); 
7-5—8, Hi) + Hg (peaks at 136, 122, 123-5, and 118 c./sec. from reference); 8-1—9-1, complex 
band, incompletely resolved, main singlet peaks at 8-58 and 8-88, probably methyl groups in 
two isomers, neither having a CH-CH, group; one of them probably is the 3-methyl isomer. 

C,H,Mn(CO), (second fraction): 4-96, unsymmetrical triplet, Hy); 5-57, 5 components, 
unsymmetrical (H(g) + H,,)); 7-7 to 9-1, unresolved complex band, main singlet peak at 8-40, 
probably methyl group of third isomer, again without a ~CHMe group, weaker peaks at 8-62 
and 8-86 probably represent smaller proportions of the other two isomers found in first fraction 
(other peaks at 132, 127-3, 120-3, 114, 80, 70, 56, and 51-3 c./sec. from reference). 


We thank the Ethyl Corporation for a fellowship (G. Winkhaus) and for supplies of man- 


ganese carbonyl, and Professor Feher, Cologne, for providing laboratory facilities for part of 
this work. 
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739. A New Synthesis of Queen Substance. 
By J. KENNEDY, N. J. McCorKINDALE,-and R. A. RAPHAEL. 


Interaction of 2-hydroxytetrahydropyran and malonic acid gives trans-7- 
hydroxyhept-2-enoic acid, readily convertible into the 7-bromo-acid. Treat- 
ment of the latter with ethyl acetoacetate and subsequent hydrolysis 
produces queen substance (tvans-9-oxodec-2-enoic acid). 


In 1954, Butler! showed that the queen honeybee secretes a substance which inhibits 
ovary development in worker bees and also queen-rearing within the colony and named 
this material “‘ queen substance.” The pure compound responsible for this effect was 
obtained crystalline by two groups of workers * and shown by them “® to be érans-9- 
oxodec-2-enoic acid (I). This was confirmed by a synthesis from each group, one starting 
from azelaic acid * and the other from cycloheptanone.* We now report a simple new 
synthesis starting from dihydropyran. 
4 \ : 
CH,*CO*[CH,],*CH=CH-CO,H a X*[CH,],*CH=CH*CO,H 
) ay SCHsCOnH (11) 

Acid hydrolysis of 2,3-dihydropyran’ furnished tetrahydro-2-hydroxypyran (5- 
hydroxypentanal) which was condensed under Doebner conditions with malonic acid. Two 
products were isolated and were separated by distillation." The first, which was crystalline, 
proved to be tetrahydropyran-2-ylacetic acid § (II); the higher-boiling, liquid product had 
properties in full accordance with the structure ¢rans-7-hydroxyhept-2-enoic acid (III; 
X = OH). A further amount of this acid was obtained by ring cleavage of the tetra- 
hydropyranylacetic acid with zinc chloride in acetic acid ® and hydrolysis of the acetate 


1 Butler, ‘‘ The World of the Honeybee,” Collins, London, 1954; Bee World, 1959, 40, 269; 
Endeavour, 1961, 77, 5; Experientia, 1960, 16, 424. 
Butler, Callow, and Johnston, Nature, 1959, 184, 1871. 
Barbier, Lederer, Reichstein, and Schindler, Helv. Chim. Acta, 1960, 48, 1682. 
Callow and Johnston, Bee World, 1960, 41, 152. 
Barbier and Lederer, Compt. rend., 1960, 250, 4467. 
Barbier and Lederer, Compt. rend., 1960, 251, 1135. 
Woods, Org. Synth., Coll. Vol. III, p. 470. 
Zelinski, ]. Amer. Chem. Soc., 1952, 74, 1504. 
Elam and Hasek, U.S.P. 2,798,080. 
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thus obtained. Use of dihydropyran itself in the original Doebner condensation gave the 
same two products, but in lower yield. 

Treatment of the hydroxy-acid (III; X = OH) with an excess of phosphorus tri- 
bromide gave the crystalline bromo-acid (III; X = Br) though the yield remained 
low in spite of much variation in reaction conditions; the yield was, however, improved 
by use of the methyl ester and subsequent hydrolysis. However, the most practical 
route to the bromo-acid (III; X= Br) involved treatment of either the hydroxy- 
acid (III; X= OH) or tetrahydropyranylacetic acid with hydrogen bromide. This 
produced an unstable dibromo-acid, which was presumably 3,7-dibromoheptanoic acid, 
since it was smoothly converted into trans-7-bromohept-2-enoic acid (III; X = Br) by 
mild treatment with collidine in benzene. Condensation of this bromo-acid with ethyl 
acetoacetate in the presence of two mol. of sodium ethoxide gave the substituted aceto- 
acetate which was subjected, without purification, to hydrolysis and decarboxylation. 
The resulting crystalline trans-9-oxodec-2-enoic acid proved identical with a sample of 
queen substance kindly provided by Dr. R. K. Callow. 


EXPERIMENTAL 


Condensation of Tetrahydro-2-hydroxypyran and Malonic Acid.—Tetrahydro-2-hydroxy- 
pyran ? (20-5 g.) and reagent-grade malonic acid (23 g.) were dissolved in dry pyridine (24 g.) 
containing piperidine (1 ml.). After being kept overnight at room temperature, the mixture 
was heated on the steam bath until evolution of carbon dioxide had ceased (4 hr.), and then 
evaporated under reduced pressure. The residue was poured into 2N-sulphuric acid (15 ml.), 
and the product isolated by extraction in ether. Distillation gave tetrahydropyran-2-ylacetic 
acid (2-5 g., 9%) as the fraction, b. p. 140—150°/5 mm.., crystallising from light petroleum (b. p. 
40—60°) in needles, m. p. 55° (lit.,8 55—57°) (Found: C, 58-5; H, 8-4. Calc. for C,;H,,0,: C, 
58-3; H, 8-4%), vmax, (Nujol mull) 2650, 1710 cm.+. The major product, a viscous oil, b. p. 
160°/0-1 mm. (12 g., 43%), consisted of 7-hydroxyhept-2-enoic acid. A redistilled sample had 
b. p. 152°/0-1 mm., ,” 1-4870, vmay (thin film) 3300, 2650, 1700, 1650, 985 cm.1. The 
a-naphthylurethane, which formed in quantitative yield, crystallised from light petroleum (b. p. 
100—120°) in needles, m. p. 136-5° (Found: C, 69-0; H, 6-3; N, 4-6. C,,H,,NO, requires 
C, 69-0; H, 6-1; N, 45%). 

Conversion of Tetrahydropyran-2-ylacetic Acid into 7-Hydroxyhept-2-enoic Acid.—Tetrahydro- 
pyran-2-ylacetic acid (5-5 g.) was treated with zinc chloride in acetic acid, as described by 
Elam and Hasek,® to give 7-acetoxyhept-2-enoic acid which, without purification, was refluxed 
with aqueous sodium hydroxide for 2hr. Acidification and ether extraction gave the hydroxy- 
acid (1-6 g., 29%), b. p. 152°/0-1 mm., »,*4 1-4850. It was shown to be identical with the 
material prepared as above by comparison of infrared spectra and by a mixed m. p. of the 
a-naphthylurethanes. 

Reaction of 2,3-Dihydropyran with Malonic Acid.—2,3-Dihydropyran (4-1 g.) was treated 
with malonic acid (4-6 g.) in pyridine (5 ml.) containing piperidine (0-25 ml.) under the conditions 
described above. Distillation gave tetrahydropyran-2-ylacetic acid (0-35 g., 6%), m. p. and 
mixed m. p. 55°, and 7-hydroxyhept-2-enoic acid (1-7 g., 30%) (a-naphthylurethane, m. p. and 
mixed m. p. 136-5°). 

7-Bromohept-2-enoic Acid.—(a) A stirred solution of 7-hydroxyhept-2-enoic acid (7 g.) in 
pyridine (5 ml.) and dry ether (50 ml.) was treated dropwise with phosphorus tribromide (6-5 g.) 
at <10°. A sticky mass was precipitated. The mixture was then stirred and refluxed over- 
night. Cooling, addition of water (15 ml.), isolation of the product with ether, and distillation 
gave the bromo-acid (2-5 g., 23%), b. p. 120°/0-1 mm., needles, m. p. 64° [from light petroleum 
(b. p. 40—60°)] (Found: C, 40-5; H, 5-7. C,H,,0,Br requires C, 40-5; H, 5-3%), vax, (Nujol 
mull) 2650, 1700, 1650, 985 cm."?. 

Using chloroform or benzene as solvent, using 1 mol. of pyridine, or omitting the pyridine 
gave even lower yields of bromo-acid. 

(b) Methyl 7-bromohept-2-enoate (see below) (2-2 g.) was left overnight in methanol (20 ml.) 
with sodium hydroxide (0-4 g.). The mixture was concentrated, water (5 ml.) was added, and 
the solution washed with ether to remove unchanged ester. After acidification with dilute 
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sulphuric acid and ether extraction, distillation of the extract gave the bromo-acid (1-3 g., 
65%, t.e., 42% based on the hydroxy-acid), b. p. 120°/0-1 mm., m. p. and mixed m. p. 64°. 

(c) Tetrahydropyran-2-ylacetic acid (4-5 g.) was refluxed for 2 hr. with an excess of a solution 
(50% w/v) of hydrogen bromide in glacial acetic acid. The cooled mixture was poured into 
water (100 ml.) and extracted with ether. The ether extracts were washed with water, dried, 
and evaporated, to give a dark brown oil (8-8 g.)._ The product was an acid which showed no 
hydroxyl or double-bond absorption in the infrared spectrum and contained bromine (sodium 
fusion). A sample decomposed when distillation was attempted. 

The crude oil (8 g.) was refluxed in benzene (30 ml.) with collidine (3-5 g., 1 mol.) for 30 min. 
6N-Sulphuric acid (10 ml.) was added and the mixture extracted with ether. The ether 
extracts, after being washed successively with dilute sulphuric acid and brine, were dried and 
evaporated. Distillation afforded the bromo-acid (3 g., 50%), b. p. 120—130°/0-1 mm., m. p. 
and mixed m. p. 64°. 

Methyl 7-Bromohept-2-enoate.—7-Hydroxyhept-2-enoic acid (10 g.), in ether (100 ml.), was 
treated with a slight excess of ethereal diazomethane. After 15 min., the solution was 
decolorised by addition of a few drops of acetic acid, washed with saturated aqueous sodium 
hydrogen carbonate, dried, and evaporated. Distillation gave the hydroxy-ester (9 g.), b. p. 
86—90°/0-1 mm. 

A solution of the above hydroxy-ester (7-5 g.) in benzene (30 ml.) containing pyridine (0-5 
ml.) was treated dropwise with phosphorus tribromide (5 g.) in benzene (10 ml.), the temperature 
being kept below 15°. The mixture was then heated under reflux for 4 hr. and allowed to cool. 
After addition of pyridine (5 ml.) and water, the mixture was extracted with ether and the 
extracts were washed successively with 6N-sulphuric acid and brine. Evaporation of the dried 
ether extracts and distillation of the residue gave the bromo-ester (8-9 g., 70%), b. p. 
92—102°/0-1 mm., ,*5 1-4800. A redistilled sample had b. p. 78—80°/0-05 mm., n,,** 1-4795 
(Found: C, 43-7; H, 6-0; Br, 36-3. C,H,,0,Br requires C, 43-5; H, 5-9; Br, 36-1%), vmax. 
(thin film) 1710, 1670, 970 cm.}. 

9-Oxodec-2-enoic Acid.—7-Bromohept-2-enoic acid (1-5 g.) in absolute ethanol (5 ml.) was 
added dropwise to a stirred solution prepared from sodium (0-4 g.), absolute ethanol (45 ml.), 
and ethyl acetoacetate (2 g.). The solution was refluxed overnight and then concentrated. 
After addition of water and acidification, ether extraction gave a yellow oil which was dissolved 
in 5% aqueous sodium hydroxide (10 ml.) and left at room temperature for 8hr. 50% Sulphuric 
acid (2'ml.) was then added and the mixture kept overnight. The product, taken up in ether, 
was extracted with saturated aqueous sodium hydrogen carbonate. Acidification and ether 
extraction gave the keto-acid (0-6 g., 46%), m. p. 40—50°, raised to 54-5—55° by crystallisation 
from light petroleum (b. p. 40—60°) (Found: C, 64-8; H, 8-5. Calc. for C,)H,,0O,: C, 65-2; H, 
8-8%). The infrared spectrum was identical with that of an authentic sample of queen 

substance and a mixed m. p. showed no depression. : 

The semicarbazone crystallised from aqueous ethanol in needles, m. p. 163-5—164-5° (Found: 
C, 54-6; H, 8-0. C,,H, N,O; requires C, 54-8; H, 7-9%). 


The authors thank Dr. R. K. Callow of the National Institute for Medical Research for a 
sample of natural queen substance and Mr. J. M. L. Cameron, B.Sc., and his assistants for the 
micro-analyses. This work was carried out under the tenure of a Gas Council Scholarship (by 
J. K.) and of an I.C.I. Fellowship (by N. J. McC.). 
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740. 1-Aminoimidazoles and Derivatives. Part I. The Synthesis 
of 1-Amino-derivatives of 5-Amino-2-methylimidazole-4-carboxamide. 
By C. L. LEEsE and G. M. TImMIs. 


The products obtained by reaction between ethyl N-(carbamoylcyano- 
methyl)acetimidate and hydrazines are shown to be l-amino-derivatives of 
5-amino-2-methylimidazole-4-carboxamide and not derivatives of 1,2-di- 
hydro-1,2,4-triazine which could have arisen by an alternative mode of ring 
closure. 

Several new l-alkylimidazoles and aw-di-imidazolylalkanes are also 
described. 


SEVERAL examples of interference with de novo purine biosynthesis by the intervention of co- 
factor antagonists and with transamination in the formation of purine nucleotides ! from 
ribose 5-phosphate and glycine are known. Thus the glutamine antagonists O-diazo- 
acetyl-L-serine (Azaserine) and 6-diazo-5-oxo-L-norleucine (D.O.N.) prevent the conversion 
of formylglycine amide “ ribotide ” into formylglycine amidine “ ribotide.” +? Sulphon- 
amides * and folic acid antagonists,‘ by virtue of their interference with the formation of 
folic acid and its reduction to the folinic acid co-factors, respectively, prevent the incorpor- 
ation of single carbon units in the biosynthesis of inosinic acid. 

In contrast, antagonism to the various substances which form stages in the de novo 
biosynthetic pathway of purine nucleotides is much less well established. Analogues of the 
intermediary compounds in this sequence are therefore of considerable interest. 

The present paper describes the synthesis of a number of analogues related to 5-amino- 
1-8-p-ribofuranosylimidazole-4-carboxamide (I; R’-= $-p-ribofuranosyl, R =H), the 
5’-phosphate of which is one stage in the biosynthesis of the purine nucleotide. These 
compounds were prepared by the method of Shaw, Warrener, Butler, and Ralph ® 


N YN, Me N 
H,N-OCe''=*= H,N-OC:CH “CR NAY H,N-OC \yMe 
[ SR = . pe > [cH], 
H2N\ N=C OEt H,N-OCS HN UNR 
R’ NH, +2 - 
(I) (If) (IIT) (IV) 


in which the l-substituent is introduced by reaction of a primary amine with an ethyl 
N-(carbamoylcyanomethyl)imidate (II). Several compounds (I) [R= Me, R’ = 
CH,°CH,OH, CH,°CH,°CH,°OH, furfuryl, and CH,-CH(OEt),] were thus obtained and, in 
addition, three aw-(5-amino-4-carbamoyl-2-methylimidazol-l-ylalkanes (III; = 2, 6, 
and 10). 

Reaction between ethyl N-(carbamoylcyanomethyl)acetimidate and various hydrazines 
gave highly crystalline products which were first considered to be 1,2-dihydro-1,2,4- 
triazines (IV), which would be themselves potential intermediates to 7-azapteridines. 
However, the formation of a similar product from 1,l-dimethylhydrazine suggested that 
they were l-amino-derivatives of imidazoles (I). They had ultraviolet absorption spectra 
very similar to that ® of 5-amino-4-carbamoyl-l-ribosylimidazole in ethanol at pH 7 
(Table 1). 


1 Buchanan, Flaks, Hartman, Levenberg, Lukens, and Warren, ‘‘ Chemistry and Biology of 
Purines,’”’ Ciba Foundation Symposium, J. & A. Churchill, London, 1957, p. 233. 

2? Hartman, Levenberg, and Buchanan, J. Amer. Chem. Soc., 1955, 77, 501; Levenberg and 
Buchanan, ibid., 1956, 78, 504. 
3 Nimmo-Smith, Lascelles, and Woods, Brit. J. Exp. Path., 1948, 29, 264. 
4 Nichol and Welch, Proc. Soc. Exp. Biol. N.Y., 1950, 74, 403. 
5 Shaw, Warrener, Butler, and Ralph, J., 1959, 1648. 
6 Greenberg and Spilman, J. Biol. chem., 1956, 219, 411. 
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TABLE 1. Ultraviolet absorption bands of compounds (I; R = Me). 


Subst., R’ NH, NHMe NMe, Ribosyl 
Mila ID kctactcccscccessteaes 270 270 270 268 
D saddtocnatiscsinndnivecvantiqsent 11,940 10,620 14,160 12,800 


No product could be obtained by condensation of the imidate (II) with 1,2-dimethyl- 
hydrazine which, whilst capable of yielding a 1,2,4-triazine (IV) would not form a l-amino- 
imidazole. 1,5-Diamino-2-methylimidazole-4-carboxamide yielded the 1-benzylidene- 
amino-derivative (I; R= Me; R’ = N!CHPh) whose structure was proved by prepar- 
ation of the compound from benzylidenehydrazine and ethyl N-(carbamoylcyanomethy])- 
acetimidate (II). 


EXPERIMENTAL 


Analyses are by Mr. P. R. W. Baker, Beckenham. 


1-Alkyl-5-amino-2-methylimidazole-4-carboxamides.—These compounds were prepared by 
the general method of Shaw e¢ al.5 in which ethyl N-(carbamoylcyanomethy])acetimidate 
(1 equiv.) and an amine (1-5 equiv.) were heated on a steam bath for 5—10 min. The mixture 
was then cooled in ice and the solid product isolated (see Table 2). 


TABLE 2. Products (1; R = Me). 


Yield Found (%) Required (%) 
R’ M. p. (%) Cc H N Formula c & N 
CH,°CH,°OH ...... 239—240° 67 455 66 30-7 C,H,,N,0, 456 66 30-4 
CH,°CH,°CH,,OH 240—241 75 486 69 284 C,H,,N,O, 485 71 283 
ee 234—235 64 54:7 5-7 25:4 CyH,N,O, 545 55 25-4 
CH,CH(OEt), .... 173—174 65 51:7 76 22-0 C,,H,N,O, 516 7:9 21-9 


aw - Di-(5-amino-4-carbamoyl - 2 -methylimidazol-1-yl)alkanes.—Ethyl N-(carbamoylcyano- 
methyl)acetimidate (2 equiv.) and an aw-diaminoalkane (1 equiv.) were dissolved in a small 
quantity of methanol and left overnight. The products (see Table 3) were removed by filtration 
and purified by precipitation from hot dilute acetic acid by ammonia. 


TABLE 3. Products (III). 


Yield Found (%) Required (%) 
n M. p. (%) Cc H N Formula Cc H N 
2 dec. >320° 73 45-4 61 35:3 C,,H,.N,O,$H,O 45:7 61 35-5 
6 267—268 54 52-2 71 30:5 C,H.N,O,4H,O 51:8 7:3 30-2 
10 243—244 . 71 55-1 7-9 = =25°7 = CopHggNgO.,H,O 8955-0 8325-7 


1,5-Diamino - 2-methylimidazole -4-carboxamide.—Ethyl N-(carbamoylcyanomethyl)acet- 
imidate (9 g.) and hydrazine hydrate (3 g.) in methanol (50 ml.) were heated on a steam- 
bath for 10 min., yielding white crystals which were collected and washed with ether. 
Recrystallisation from water gave 1,5-diamino-2-methylimidazole-4-carboxamide (6 g.), m. p. 
272—-273° (Found: C, 38-5; H, 5-9; N, 45-0. C;H,N,;O requires C, 38-7; H, 5-85; N, 45-1%). 

5-A mino-1-benzylideneamino-2-methylimidazole-4-carboxamide.—(a) 1,5-Diamino-2-methyl- 
imidazole-4-carboxamide (0-5 g.), benzaldehyde (0-4 g.), and acetic acid (2 ml.) were heated 
for 10 min. on a steam-bath, diluted with ethanol (5 ml.), and cooled. The product (0-5 g.), 
m. p. 269—270°, was obtained as yellow needles from methanol (Found: C, 59-4; H, 5-7; N, 
28-4. C,.H,,N;O requires C, 59-3; H, 5-4; N, 28-8%). . 

(b) Ethyl N-(carbamoylcyanomethyl)acetimidate (1-7 g.) and _ benzylidenehydrazine 
(1-2 g.) in methnol (10 ml.) were heated under reflux for 30 min. Ice-cooling afforded a product 
(1-2 g.), m. p. 269—270°, identical with that prepared by method (a). 

5-A mino-1-anilino -2-methylimidazole-4-carboxamide.—Ethyl N-(carbamoylcyanomethy])- 
acetimidate (11 g.) and phenylhydrazine (7-1 g.) in methanol (60 ml.), when heated for 5 min. 
on a steam-bath, gave white crystals. A hot solution of the product in dimethylformamide, 
when treated with water, yielded 5-amino-1-anilino-2-methylimidazole-4-carboxamide (9-0 g.), 
m. p. 303—304° as prisms (Found: C, 57-2; H, 5-5; N, 30-2. C,,H,,N,O requires C, 57-1; H, 
5-7; N, 30-3%). 
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5-Amino -1-methylamino -2-methylimidazole-4-carboxamide.—Ethyl N-(carbamoylcyano- 
methyl)acetimidate (14 g.) was added to a solution of methylhydrazine [prepared by treating 
methylhydrazine sulphate (13 g.) in methanol (70 ml.) with an equivalent of sodiam methoxide 
and removing the precipitated sodium sulphate], and the mixture was heated for 30 min. on a 
steam-bath. Cooling and collection of the product, followed by recrystallisation from water, 
yielded the 1-methylaminoimidazole (5-1 g.), m. p. 261—262° (Found: C, 42-3; H, 6-35; N, 41-3. 
C,H,,N,O requires C, 42-6; H, 6-55; N, 41-4%). 

5-Amino-1-dimethylamino-2-methylimidazole -4-carboxamide.—Ethyl N-(Carbamoylcyano- 
methyl)acetimidate (6 g.) and 1,l-dimethylhydrazine (3-2 ml.) in methanol (15 ml.) similarly 
gave the 1-dimethylamino-compound (3-5 g.) as white prisms, m. p. 211—212° (Found: C, 46-0; 
H, 7-3; N, 38-4. C,H,,N,O requires C, 45-9; H, 7-15; N, 38-2%). 


We are indebted to Mr. D. S. Manners for technical assistance. This work was supported 
by grants to this Institute from the British Empire Cancer Campaign, the Jane Coffin Childs 
Memorial Fund for Medical Research, the Anna Fuller Fund, and the National Cancer Institute 
of the National Institutes of Health, U.S. Public Health Service. 

CHESTER BEATTY RESEARCH INSTITUTE, 


INSTITUTE OF CANCER RESEARCH: Royat CANCER HOSPITAL, 
FuLHAM Roap, Lonpon, S.W.3. [Received, February 9th, 1961.) 





741. Potential Anti-purines. Part IV.* The Synthesis of 
9-Dimethylaminopurines. 


By C. L. LEEsE and G. M. Tiwmis. 


The synthesis of a series of 9-dimethylamino-8-methylpurines from 
5-amino-1-dimethylamino-2-methylimidazole-4-carboxamide is described. 


ANTI-TUMOUR activity }? has been found in puromycin 3 [6-dimethylamino-9-(3-p-methoxy- 
L-phenylalanylamino-3’-deoxy-8-D-ribofuranosyl)purine] and in the aminonucleoside 
9-(3-amino-3-deoxy-$-D-ribofuranosyl)-6-dimethylaminopurine; * puromycin has an anti- 
purine activity comparable with that of 6-mercaptopurine,* so has 2-mercapto-9-2’- 
pyridyl-8-azapurine.> These facts suggested that a basic centre in the 9-substituent, in 
conjunction with a dimethylamino- or mercapto-substituent in other positions might have 
a favourable influence on activity. Among purines not substituted in the 9-position 
6-mercapto- ® and 6-chloro-” purine are notable as anti-tumour and anti-purine agents. 

Examples of N-aminopurines had not been described until the recent synthesis of 
several 9-aminopurines by ring closure of substituted 5-amino-6-hydrazinopyrimidines.® 
The present communication describes the synthesis of some 9-dimethylamino-8-methy]l- 
purines (I) with a variety of substituents in the.6-position. 

These compounds were prepared from 9-dimethylamino-8-methylhypoxanthine (I; 
R = OH) which was obtained by the combined formylation and ring closure of 5-amino-1- 
dimethylamino-2-methylimidazole-4-carboxamide® (II) in a mixture of acetic anhydride 
and ethyl orthoformate. Attempted ring closure with formamide led to decomposition. 


* Part III, J., 1960, 327. 


1 Troy, Smith, Personeus, Moser, James, Sparks, Stevens, Halliday, McKenzie, and Oleson, Antibiot. 
Ann., 1953—1954, p. 186. 

2 Oleson, Bennett, Halliday, and Williams, Acta Un. Int. Cancr., 1955, 11, 161. 

8 Fryth, Waller, Hutchings, and Williams, J]. Amer. Chem. Soc., 1958, 80, 2736. 

* Collier and Huskinson, “‘ Chemistry and Biology of the Purines,”’ Ciba Foundation Symposium, 
J. & A. Churchill Ltd., 1957, p. 146. 
Cf. Timmis, Cooke, and Spickett, ref. 4, p. 134. 
Farber, Ann. New York Acad. Sci., 1954, 60, 412. 
Murphy, Tan, Ellison, Karnofsky, and Burchenal, Proc. Amer. Assoc. Cancer Res., 1955, 2, 36. 
Montgomery and Temple, J. Amer. Chem. Soc., 1960, 82, 4592. 
Leese and Timmis, preceding paper. 
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Replacement of the hydroxyl group in the hypoxanthine (I; R= OH) was readily 
affected by using phosphory] chloride without addition of tertiary base. The chloropurine 
(1; R = Cl) was converted into 9-dimethylamino-6-mercapto-8-methylpurine (I; R = SH) 


Rn > Sm HN: oe S ite 


NMe, ae (If) 


by potassium hydrogen sulphide. Replacement of the chlorine atom in (I; R = Cl) by 
amino-residues was also smooth, yielding analogues of adenine, kinetin (6-furfurylamino- 
purine),!° and puromycin (I; R = NH,, NMeg, NEt,, and furfurylamine). 


EXPERIMENTAL 
Analyses are by Mr. P. R. W. Baker, Beckenham. 


9 - Dimethylamino-8-methylhy poxanthine.—5-Amino-1-dimethylamino - 2- methylimidazole- 4 - 
carboxamide ® (29-4 g.), acetic anhydride (58 ml.), and ethyl orthoformate (76 ml.) were heated 
on a steam-bath for 3 hr. The excess of acetic anhydride and orthoformic ester was removed 
in vacuo at 100° and the semi-solid product was dissolved in hot water. The solution was 
adjusted to pH 9 with dilute ammonia and on cooling afforded the hypoxanthine as white needles 
(16-1 g.), m. p. 335—336° (Found: C, 49-7; H, 5-7; N, 36-1. C,H,,N,O requires C, 49-7; 
H, 5-7; N, 36:2%). 

6-Chloro-9-dimethylamino-8-methy Ipurine. —The tongoiaghy poxanthine (20g.) and phosphoryl 
chloride (250 ml.) were refluxed for 2 hr. Phosphoryl chloride was distilled off, finally in vacuo, 
yielding crystals that were triturated with water, neutralised with solid sodium carbonate, and 
extracted with ether (4 x 200 ml.). The ether extract was dried (MgSO,) and evaporated 
in vacuo to yield the chloropurine. Recrystallisation from light petroleum (b. p. 60—80°) gave 
white prisms (20-5 g.), m. p. 133—134° (Found: C, 45-6; H, 4-5; N, 33-3; Cl, 16-6. C,H, CIN; 
requires C, 45-4; H, 4-8; N, 33-1; Cl, 16-7%). The above chloro-compound (0-5 g.), when 
boiled with 2N-sodium hydroxide (5 ml.), dissolved during 15 min. On neutralisation with 
dilute acetic acid the solution deposited 9-dimethylamino-8-methylhypoxanthine (0-3 g.), 
m. p. 334°. 

9-Dimethylamino-8-methyladenine.—6-Chloro-9-dimethylamino-8-methylpurine (5 g.) and 
methanol (50 ml.), saturated at 0° with ammonia, were heated at 100° for 6 hr. in an autoclave. 
Removal of the solvent in vacuo and recrystallisation of the residue from benzene gave the 
adenine derivative as needles (4-5 g.), m. p. 239—240° (Found: C, 50-2; H, 6-5; N, 43-8. 
C,H,.N, requires C, 50-0; H, 6-3; N, 43-7%). 

9-Dimethylamino-6-mercapto - 8-methylpurine.—6 -Chloro- 9-dimethylamino-8 -methylpurine 
(5 g.) was heated in ethanol (20 ml.) and aqueous N-potassium hydrogen sulphide (24 ml.) for 
3 hr. with a stream of hydrogen sulphide passing through the mixture. The solution was 
concentrated in vacuo, and the residue triturated with water (30 ml.) and filtered off. Recrystal- 
lisation from dioxan afforded 9-dimethylamino-6-mercapto-8-methylpurine (4-3 g.), m. p. 277— 
278° (decomp.) (Found: C, 45-9; H, 5-4; N, 33-4; S, 15-3. C,H,,N,S requires C, 45-9; H, 5-3; 
N, 33-5; S, 15:3%). 

6,9-Bisdimethylamino-8-methylpurine.—6-Chloro-9-dimethylamino-8-methylpurine (3-3 g.) 
and 33% w/w ethanolic dimethylamine (50 ml.) were heated for 5 hr. at 100°. After removal 
of the excess of amine in vacuo the semi-crystalline residue was extractéd with hot benzene 
(3 x 30 ml.). Evaporation of the combined benzene extracts yielded pale yellow crystals 
(3-0 g.), m. p. 62—63°, distillation of which in vacuo afforded 6,9-bisdimethylamino-8-methyl- 
purine (2-5 g.), b. p. 120°/0-5 mm., m. p. 62-3° (Found: C, 54-7; H, 7-6; N, 38-5. CypHy.N, 
requires C, 54:5; H, 7:3; N, 38-2%). 

6-Diethylamino - 9 - dimethylamino - 8 -methylpurine.—6 -Chloro-9 -dimethylamino - 8 - methyl- 
purine (5 g.) and diethylamine (20 ml.) were refluxed together for 1 hr. The excess of diethyl- 
amine was removed in vacuo and the residue recrystallised from aqueous methanol. The purine 


10 Miller, Skoog, Okumura, Von Saltya, and Stroug, J. Amer. Chem. Soc., 1955, 77, 2662. 
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was obtained as needles (5-1 g.), m. p. 85—86° (Found: C, 58-2; H, 7-9; N, 34-0. C,H. N, 
requires C, 58-0; H, 8-1; N, 33-9%). 

9- Diethylamino - 6 -furfurylamino - 8 - methylpurine.—6 - Chloro-9 - dimethylamino - 8 - methyl - 
purine (5 g.), furfurylamine (5 g.), and ethanol (10 ml.) were refluxed for 1 hr. The residual 
gum, after removal of the excess of amine and solvent in vacuo was triturated with water. After 
2 days at 0° the crystals were collected and recrystallised from light petroleum (b. p. 60—80°), 
yielding 9-dimethylamino-6-furfurylamino-8-methylpurine as prisms (4:8 g.), m. p. 94—95° 
(Found: C, 57-5; H, 5-9; N, 31-1. C,,;H,,N,O requires C, 57-3; H, 5-9; N, 30-9%). 








We are indebted to Mr. D. S. Manners for technical assistance. This work was supported 
by grants to this Institute from the British Empire Cancer Campaign, the Jane Coffin Childs 
Memorial Fund for Medical Research, the Anna Fuller Fund, and the National Cancer Institute 
of the National Institutes of Health, U.S. Public Health Service. 

CHESTER BEATTY RESEARCH INSTITUTE, 


INSTITUTE OF CANCER RESEARCH: RoyaALt CANCER HOSPITAL, 
FuLHAM Roap, Lonpon, S.W.3. [Received, February 9th, 1961.} 





742. The Chemistry of Fungi. Part XXXVIII Further 
Evidence for the Structure of Rubropunctatin.* 


By E. J. Haws and J. S. E. HoLker. 


Oxidation of both O-methylaporubropunctataminol methiodide and hexa- 
hydro-O-methylaporubropunctatin with alkaline potassium permanganate 
has given anisole-2,3,5,6-tetracarboxylic acid. Consideration of this 
result, together with findings previously published,’ confirms structures 
(I) and (XIII) for aporubropunctatamine and hexahydroaporubropunctatin 
respectively. 


In a recent account! of the chemistry of rubropunctatin, C,,H,,0;, this compound was 
shown to react with aqueous ammonia under very mild conditions to give a nitrogen 
analogue, rubropunctatamine, C,,H,,0,N, which, on reduction with zinc and acetic acid, 
was degraded to aporubropunctatamine, C,)H,,O,N, and one mol. of carbon dioxide. A 
detailed study of the chemistry of aporubropunctatamine led to structure (I) for this 
compound although the alternative structure (III) could not be excluded. Since the 
proposed structures (V) and (VI) for the parent pigment and its nitrogen analogue re- 
spectively were based primarily on structure (I) for aporubropunctatamine, it was essential 
to confirm this structure. 

Differentiation between structures (I) and (III) for aporubropunctatamine would be 
possible by oxidation of the methyl ether (II or IV) to an anisolepolycarboxylic acid. In 
the isoquinoline series oxidative fission of the heterocyclic ring is best achieved by treatment 
of quaternary salts with alkaline potassium permanganate, the reaction proceeding with 
formation of an N-alkylisocarbostyril.2 Accordingly, O-methylaporubropunctatamine 
was converted into its methiodide which had Amax, 262 and 375 my (log e 4-65 and 3-85) in 
ethanol. On addition of 0-01N-sodium hydroxide a large bathochromic shift to Amax. 300, 
345, and 500 my (log « 4-14, 4-07, and 4-15) occurred, the spectrum reverting to that of the 
quaternary salt on acidification. This unexpected behaviour could not be interpreted 
in terms of either quaternary ammonium hydroxide or N-methylisocarbostyril formation 
in alkaline solution, but rather suggested the formation of an anhydro-base of type (VII) 
or (VIII). A similar phenomenon has been observed ° with the pyridinium salt (IX) which 

* A brief report of this work is included in a preliminary communication on the chemistry of 
monascorubrin (Tetrahedron Letters, 1960, No. 5, 24). 


1 Part XXXVII, Haws, Holker, Kelly, Powell, and Robertson, J., 1959, 3598. 

? Gensler, in Elderfield’s ‘‘ Heterocyclic Compounds,’”’ Chapman and Hall Ltd., London, 1952, 
Vol. IV, p. 407. 
3 Katritzky, J., 1955, 2586. 
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is converted into the anhydro-base (X) in alkaline solution. It appeared, therefore, that 
O-methylaporubropunctatamine methiodide would not be suitable for the envisaged 
oxidation and, indeed, the only product isolated on oxidation of this compound with 
alkaline potassium permanganate was oxalic acid. 


CsH,,-CO-CH C.H,,-CO-CHMe 
shy 2 ZA wn Me soy ZA YA. Me 
Mew ZN YS gN 
OR OR 
(I) R=H. (II) R= Me. (III) R=H. (IV) R=Me. 
CHtwto - 
cs WA Me CsHy-CO-HC Pw" 
rN a Me S\ UNMe 
M OMe 
a (VII) 
(V) X=O0. (VI) X= NH. 
‘y f \ 
CsHyco-¢ we Me-N+ eid: KP 
\ UNMe r (IX) + 
(VIII) OMe . 
on CsH),-CH(OH)-CH, WA Me 
Me-N CH: CO-NH-[CH,]- |. 
== | Me ZNMe = I7 
(X) N (XI) OMe 
H 
CsH),-CO-CH 
sour . 
CsHyy"CH(OH)-HC Wee ' [CH,];Me 
ZNMe - (XIII) R=H. me Oo 
(XII) MeO (XIV) R=Me. OR 


Attention was next turned to O-methylaporubropunctataminol methiodide (XI) or 
(XII), which no longer contains a ketonic carbonyl group in the side-chain and hence would 
be less likely to give an anhydro-base.* Treatment of this compound with sodium 
hydroxide gave a pale yellow sticky solid, typical of a pseudo-base, and oxidation of this 
material with potassium permanganate gave anisole-2,3,5,6-tetracarboxylic acid, 
characterised as its tetramethyl ester. This result excludes structure (III) for aporubro- 
punctatamine and equivalent structures for its derived products, and when considered in 
conjunction with the evidence previously presented! confirms beyond reasonable doubt 
that aporubropunctatamine has structure (I). 

In our account of the chemistry of rubropunctatin,! the compound, C,).H,03, obtained 
in low yield by exhaustive catalytic hydrogenation of rubropunctatin was considered to be 
hexahydroaporubropunctatin (XIII). Support for this view has now been obtained by 
oxidation of the O-methyl ether (XIV) with potassium permanganate to give anisole- 
2,3,5,6-tetracarboxylic acid. 


EXPERIMENTAL 


O-Methylaporubropunctatamine and O-Methylaporubropunctataminol Methiodides.—When 
prepared by dissolving O-methylaporubropunctatamine! (250 mg.) and O-methylaporubro- 
punctataminol ? (200 mg.) in methyl iodide (1-5 ml. and 5 ml. respectively) and setting the 
mixtures aside for 24 hr. at room temperature, the methiodides crystallised from the reaction 

















3822 Satchell: Co-catalysis. Part III. 





mixtures. Thus isolated, O-methylaporubropunctatamine methiodide formed chunky yellow 
prisms (310 mg.), m. p. 163—165° (decomp.), vmx, 1704s, 1621s, 1558m, and 1506w cm. (in 
mineral oil) (Found: C, 55-6; H, 6-6; N, 3-4; I, 26-9. C,.H,,INO, requires C; 56-3; H, 6-9; 
N, 3-0; I, 27-00%), and O-methylaporubropunctataminol methiodide formed yellow needles 
(220 mg.), m. p. 118—120° (decomp.), Amax. 262 and 375 my (log ¢ 4-23 and 3-80) (in EtOH), 
Vmax, 311m, 1629s, 1563m, and 1513w cm. (in mineral oil) (Found: C, 54-8; H, 7-1; N, 2-9. 
C,.H;,INO,,H,O requires C, 54-2; H, 7-0; N, 2-9%). Both compounds were thermally 
unstable and decomposed on attempted recrystallisation. 

Oxidation of Rubropunctatin Derivatives.—(a) O-Methylaporubropunctataminol methiodide. 
To a suspension of this compound (380 mg.) in N-sodium hydroxide (50 ml.), initially at room 
temperature and later at 90°, was added powdered potassium permanganate in portions 
(8 x 0-5 g.) during 12 hr., each portion being completely reduced before addition of the next. 
Manganese dioxide formed in the reaction was then collected and washed well with hot water, 
and the combined filtrate and washings were acidified with concentrated hydrochloric acid. 
The resultant mixture was then warmed to 70° and treated with potassium permanganate 
(1-0 g.) and after 15 min. the excess of reagent was destroyed with sulphur dioxide. The 
product was isolated in ether by continuous extraction for 6 hr. and methylated with diazo- 
methane, and the crude ester (92 mg.) was adsorbed on a column of aluminium oxide (10 x 1-5 
cm.) from solution in,ether (5 ml.) and light petroleum (b. p. 40—60°) (15 ml.). Elution with 
the same solvent mixture (100 ml.) gave tetramethyl anisole-2,3,5,6-tetracarboxylate which 
separated from ether-light petroleum (b. p. 40—60°) in rods (43 mg.), m. p. and mixed m. p. 
with an authentic sample 106° (Found: C, 52-8; H, 5-0. Calc. for C,;H,,0,: C, 52-9; 
H, 4:7%). 

(b) Hexahydro-O-methylaporubropunctatin. Oxidation of this compound (500 mg.), as 
in the foregoing procedure, gave tetramethyl anisole-2,3,5,6-tetracarboxylate, rods (115 mg.) 
{from light petroleum (b. p. 40—60°)-ether], m. p. and mixed m. p. 106° (Found: C, 52-9; 
H, 4-7%). 

(c) O-Methylaporubropunctatamine methiodide. Oxidation of this compound (1 g.) in 
N-sodium hydroxide (100 ml.) with potassium permanganate (8 x 1 g.) at 90°, followed by 
removal of manganese dioxide with sulphur dioxide and acidification with 2N-sulphuric acid, 
gave oxalic acid (isolated in ether by continuous extraction), needles (50 mg.) (from acetic 
acid—benzene), m. p. and mixed m. p. with anhydrous oxalic acid 189° (decomp.). 


The authors thank the Department of Scientific and Industrial Research for a Maintenance 
Grant (to E. J. H.), and Mr. D. H. Marrow of this Department for a synthetic sample of anisole- 
2,3,5,6-tetracarboxylic acid. 


UNIVERSITY OF LIVERPOOL. [Received, April 7th, 1961.| 





743. Co-catalysis. Part III... A Comparison of Aliphatic and 
Aromatic Carboxylic Acids as Friedel-Crafts Co-catalysts for Stannic 
Chloride. 

By D. P. N. SATCHELL. 


Bronsted co-catalytic efficiencies, in relation to stannic chloride, are 
found to be in the order o0-toluic acid > pivalic acid ~ benzoic acid > phenyl- 
acetic acid > m-nitrobenzoic acid. These are held to support previous 
generalisations about co-catalytic behaviour. 

A possible parallelism between carboxylic acid—Lewis acid interaction and 
carboxylic anhydride—Lewis acid interaction is pointed out. 


In Part II} we made use of the aromatic hydrogen exchange reaction to compare the 
co-catalytic powers of a series of halogen-substituted acetic acids and, in the light of other, 
previous evidence, made the tentative generalisation that co-catalytic ability ultimately 
depended on the electron-availability on those atoms of the anion provided by the 


1 Part II, Satchell, J., 1961, 1453. 
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Brg@nsted component which co-ordinate with the Lewis acid. Thus with stannic chloride 
the order of co-catalytic efficiency is 


HCI > H,O > CHs'COH > CH,CIrKCO,H > CHCI,*CO,H > CF,*CO,H 


Results for some further aliphatic, and also some aromatic, carboxylic acids are now 
reported and are discussed in the light of the foregoing generalisation. 

The acids studied were benzoic, o-toluic, m-nitrobenzoic, pivalic, and phenylacetic. 
The experiments with each co-catalyst, though of the same design, were not so extensive 
as those reported in previous Parts. Use was made of the fact that the exchange rate 
constant at low co-catalyst concentrations is little dependent on this concentration. Thus, 
exchange rates were determined for each acid at an arbitrary low acid concentration and at 
one, or sometimes two, stannic chloride concentrations. The observed exchange rates are 
collected in Table 1, together with the corresponding acid dissociation constants, and data 
for acetic acid for comparison. 


TABLE 1. Rate constant for tritium exchange between aliphatic and aromatic 
carboxylic acids and m-xylene catalysed by stannic chloride, at 25°. 


A = observed first-order exchange rate constant. K = acid dissociation constant in water at 25°. 
Bronsted acid concentration ~0-08M. 


104A 104A 
Acid [SnCl,] (min.~) K Acid [SnCl,] (min.~) K 
CH,°CO,H! ... 0-172 62-2 18 x 10° CH,Ph-CO,H......... 0-344 197 6-0 x 10°5 
0-344 140 PPG: ; séencentenes 0-172 119 6-8 x 10° 
CF,°CO,H ?...... 0-344 8-51 >i 0-344 265 
CMe,°CO,H ...... 0-172 123 9-6 x 10° o0-C,H,Me:CO,H ... 0-344 383 1-3 x 10-4 
0-344 288 m-NO,°C,H,°CO,H 0-344 124 3-5 x 10-4 


It is at once apparent that co-catalytic power is not simply related to conventional acid 
strength. This result supports the conclusions of Part I.? 

A qualitative estimate of the relative electron availabilities on the oxygen atoms of the 
different co-catalyst anions is easiest for the series of structurally related acids o-toluic, 
benzoic, and m-nitrobenzoic. The m-nitrobenzoate ion will be expected to have a lower 
electron availability than the benzoate ion, because of the —IJ effect of the m-nitro- 
group. Also, the benzoate ion might arguably be expected to have a lower availability 
than the o-toluate ion, for the ortho-substituent will certainly have a +I effect. This 
substituent has been considered previously to have one, or both, of two other effects of 
relevance. Some authors* have considered the possibility of six-membered hydrogen- 
bonded ring structures of the form (I). These, if real, would tend to localise the charge on 
a carboxylic-oxygen atom, and so reinforce the +J effect. Such structures as a partial 
explanation of “‘ ortho ’’-effects are, however, at present out of favour. Their existence is, 
of course, not essential to the present argument: the +/J effect remains. The o-methyl 
group will also very probably have a steric effect which will tend to reduce the conjugation 
of the carbonyl group with the benzene ring. This will reduce the importance of structures 
such as (II) for the o-toluate ion in comparison with the benzoate ion. However, these 


H, ,H 


Fe) Oo” . oO” 
’ 4 4 - 
" S22 re od _ oe 


triply charged species are likely to be of rather minor importance in determining the overall 

resonance hybrid, especially in media of such low dielectric constant (~2) as were used in 

the present experiments (see previous Parts). It seems reasonable, therefore, to expect 
2 Part I, Satchell, J., 1960, 4388. 


8 “ Determination of Organic Structures by Physical Methods,” ed. Braude and Nachod, New York, 
1955, p. 631. 
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any differences in the electron density of the o-toluate and benzoate ions to be due mainly 
to the +J effect of the methyl group, and thus to anticipate a greater electron availability 
for the oxygen atoms of the former than for those of the latter. 

If co-catalytic ability is related to this electron availability, as we suggest, then the 
predicted order of efficacy will be 0-toluic > benzoic > m-nitrobenzoic. This is the order 
found experimentally (see Table). In view of the fairly clear-cut nature of the argument 
for these acids this result seems rather strong support for the proposed generalisation. 

Another series of structurally related acids is available in pivalic (trimethylacetic), 
acetic, and phenylacetic acid. The oxygen atoms of the pivalate ion will have greater 
electron densities than those of the acetate ion, in view of the substitution of the t-butyl 
for the methyl group on the carboxylic-carbon atom. Thus the co-catalytic power of 
pivalic acid would be expected to exceed that of acetic acid, as found (see Table). This 
result is again good support for the proposed generalisation. 

Phenylacetic acid proves to be a slightly better co-catalyst than acetic acid. In view 
of what has been described ‘ as the ‘“‘ dual” nature of the phenyl group, 7.e., the ability to 
supply or withdraw electrons as the occasion demands, it is difficult to predict the relative 
electron availabilities for the acetate and phenylacetate ions in the present context. If it 
were possible to prove that electron withdrawal was dominant here, then phenylacetic acid, 
as a better co-catalyst than acetic acid, would provide an exception to the generalisation 
proposed. There seem, however, no strong grounds on which to regard it assuch. Indeed, 
the success of the rule in correlating co-catalytic efficiency suggests that, in fact, the 
phenyl group is supplying electrons in this reaction. 

A final interesting comparison is that between the aromatic and the aliphatic series, 7.e., 
between benzoic and acetic acid. Benzoic is the better co-catalyst, being nearly as 
effective as pivalic acid (see Table). The reason is, perhaps, the possibility of some (though 
very small) contribution from structures with extended conjugation such as (III) which are 
not possible for the acetate ion. It is again very difficult to predict the relative electron 
availabilities for these two anions. The experimental findings might be taken to indicate 
that the benzoate ion has the greater electron density on oxygen. 

It will be noticed that the effects discussed, in this paper, are small: the total change 
in rate from m-nitrobenzoic to o-toluic is by a factor of only 3. However, this is to be 
expected in view of previous results: very large changes in electron density seem required 
to affect materially the catalytic efficiency. 

In general, it seems that all the results so far assembled can be reasonably fitted into a 
single pattern and, on the whole, the new work tends to support the generalisations made in 
previous Parts. It will be interesting to see if further experiments lead to a refutation or 
whether, in fact, the prediction of co-catalytic power is, in principle at least, a straight- 
forward problem under the conditions considered, and for similar systems. 

Finally, it is noteworthy that Berliner, in his review* of the aluminium chloride- 
catalysed, Friedel-Crafts acylation by substituted succinic anhydrides, concluded that the 
direction of cleavage of unsymmetrically substituted anhydrides (which can give two 
isomeric ketones) is similarly controlled by the electrophilic character of the Lewis acid 
and the substituent’s influence on the electron availability on carboxylic oxygen. The 
mechanism is considered to be of the annexed type. While the proportions of the products 


R:-CH:CO-O-AICl, a-Substituted 
oo ee 
Ar. “A i co-0 ai ; B-Substituted 
i _ 2 (V) — propionic acid 
are doubtless determined by factors other than the relative amounts of (IV) and (V), 


nevertheless a study of the available data * for media of low dielectric constant, such as were 
* Berliner, in “‘ Organic Reactions,’’ Wiley & Sons, Inc., New York, 1949, Vol. V, pp. 232 et seq. 
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used in our experiments (7.¢., benzene, toluene, xylenes, etc.), shows that they may be 
reasonably rationalised by assuming (a) that the preferential formation of (IV) or (V) is the 
dominant effect in product determination, (b) that electron-repelling substituents (R) 
favour initial attack on the nearest carbonyl to yield (IV) [rather than (V)], and that 
electron-withdrawing substituents have the opposite effect. 

For media of higher dielectric constant such as nitrobenzene, Berliner points out that 
rationalisation requires the introduction of an additional, medium effect. The extension 
of the above generalisations to such systems is in any case problematical, for the relative 
importance of the different steps in the mechanism may well be altered. However, for 
media of low dielectric constant, there appear some grounds for thinking that there is 
an analogy between the mechanisms of Friedel-Crafts co-catalysis by carboxylic acids, 
and Friedel-Crafts acylation by carboxylic anhydrides: they both seem strongly influenced 
by electron availability on carboxylic oxygen. 


Experimental.—Materials. The m-xylene and stannic chloride were prepared as previously 
described. Pivalic acid was prepared by fractionation of a commercial sample: a cut of b. p. 
163° was taken. [carboxy-H]Pivalic acid was prepared by a method used for [carboxy-8H]di- 
chloroacetic acid.1_ Phenylacetic acid had m. p. 77°. {[carvboxy-8H]Phenylacetic acid was 
prepared by dissolving a small quantity in dry ether and shaking the solution with active water; 
separation of the phases was followed by drying (CaCl,) and evaporation under a vacuum, which 
left the active solid, m. p. 76°. ‘‘ AnalaR”’ benzoic acid, o-toluic acid, and m-nitrobenzoic 
acid had m. p. 122°, 102—103°, and 142° respectively. [carboxy-*H]Benzoic acid, [carboxy-*H]- 
o-toluic acid, and [carboxy-*H]-m-nitrobenzoic acid were prepared as was [carboxy-*H]pheny]l- 
acetic acid, and had m. p. 121°, 101-5°, and 141°, respectively. 

Methods. ‘These have been described previously.!»? 


UNIVERSITY OF LONDON K1ING’s COLLEGE, 
STRAND, Lonpon, W.C.2. [Received, November 30th, 1960.) 





744. Polyfluoroalkylmercuric Fluorides. 
By H. Go_pwuite, R. N. Hasze_piIneE, and R. N. MUKHERJEE. 


The reaction between chlorotrifluoroethylene and mercuric fluoride 
provides a convenient route to the mercurial CF,-CFCl-HgF, the structure 
of which has been demonstrated by various cleavage reactions. 


THE reaction between mercuric fluoride and fluoro-olefins, CF,=-CXY + HgF, —»> 
CF,°CXY-*HgF, has been investigated as a potential route to polyfluoroalky] derivatives 
of mercury, the synthetic uses of which have already been demonstrated.! 

The reaction between chlorotrifluoroethylene and mercuric fluoride gave satisfactory 
yields of the crystalline mercurial C,CIF;Hg. Of the two possible structures for the 
product, CF,-CFCl‘-HgF or CF,Cl-CF,-HgF, the former was shown to be correct in 
the following ways. Cleavage by aqueous sodium stannite gave the halogenoalkane 
CF,°CHFCI, which on photochemical chlorination gave the known compound CF,°CFCl,, 
readily distinguished from its isomer CF,CI-CF,Cl. Cleavage of the mercurial by chlorine 
gave an excellent yield of the same compound CF,°CFCl,, and reaction of the mercurial 
with iodine gave over 80% of the iodo-compound CF,°CFCII. The ultraviolet spectrum 
of this iodo-compound is consistent with its proposed structure. It has been shown 2 that 
compounds containing a —CFCII group show absorption maxima, either in the vapour 
state or in light petroleum, in the region 280—290 my, whereas compounds containing a 


1 Emeléus and Haszeldine, J., 1949, 2948, 2953; Banus, Emeléus, and Haszeldine, J., 1950, 3041. 
2 Haszeldine, J., 1953, 1764. 
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-CF,I group usually have an absorption maximum in the region of 270 my.2 The new 
iodo-compound has an absorption maximum at 282 my, both in the vapour state and in 
light petroleum, and thus clearly contains the -CFCII group. The reaction of mercuric 
fluoride with chlorotrifluoroethylene is thus probably an ionic process: 


6+ =8— HgF, 
CF,=CFCI — a CF,°CFCI*HeF 


with fluoride ion attack on the CF, group as for other nucleophilic additions. 

Tetrafluoroethylene reacted readily with mercuric fluoride at moderately elevated 
temperatures and pressures, but the main product was a polymer, probably arising by 
anionic polymerisation of the olefin: 


2 
C.F, — > CFyCF,HeF 


-— + Cr, b— 8+ nF, 
CF y*CFy—HeF ———t> CF CF g*CFy*CFy—HeF ———te CF CF y"[CFa*CFeJn 4 y"HoF 


m HgFt 
CFy°CF,~ ——_> CF g°CFe*[CFg*CF aig > _ CF "CF a*[CFa°CFe}m*HeF 


Small amounts of a compound identified as probably C,F;-HgF were obtained from the 
reaction, but the yields were too low to be useful. Polyfluoroalkylmercuric fluorides do 
not decompose to yield radicals at the temperatures used in these mercuric fluoride additions, 
so that polymerisation of tetrafluoroethylene initiated by free radicals is unlikely. 

While this investigation was in progress, a report appeared ‘ of a related study in which 
fluoro-olefins were treated with mercuric fluoride in the presence of a solvent such as arsenic 
trifluoride, good conversions into the bispolyfluoroalkylmercury compounds [e.g., 
Hg(C,F;).; Hg(CFCl-CF,),] being obtained. Use of a solvent thus changes the course 
of the reaction, possibly by facilitating heterolytic cleavage of the Hg-F bond of the poly- 
fluoroalkylmercuric fluoride formed as an intermediate. 


EXPERIMENTAL 


Materials.—Mercuric fluoride was a commercial sample containing 93% of mercuric fluoride 
(by determination of its fluorine content). Tetrafluoroethylene and chlorotrifluoroethylene, 
both commercial products, were distilled in vacuo to remove inhibitors before they were used. 

Reaction of Mercuric Fluoride with Chlorotrifluoroethylene.—Mercuric fluoride (20-0 g., 
0-078 mole of HgF,) and chlorotrifluoroethylene (17-5 g., 0-150 mole) were heated together in 
an autoclave of 100 ml. capacity for 10 hr. at 100°. The autoclave was then cooled and un- 
changed chlorotrifluoroethylene (14-0 g.) was withdrawn. The solid product, which fumed 
vigorously in moist air, was extracted with carbon disulphide. The extract was evaporated, 
and the residue was sublimed at 85°/1 atm., to yield 1-chloro-1,2,2,2-tetvafluoroethylmercuric 
fluoride (2-5 g., 24%), m. p. 118° (Found: C, 6-7; Hg, 54-9. C,CIF;Hg requires C, 6-7; 
Hg, 56-4%). 

The mercurial was water-soluble and was recovered unchanged from aqueous solution. 
It was stable in air and had a penetrating, very disagreeable smell. 

Cleavage of the Mercurial by Sodium Sitannite.—1-Chloro-1,2,2,2-tetrafluoroethylmercuric 
fluoride (1-00 g., 2-82 mmoles) was cleaved by dropping on to it an excess of alkaline 0-5N-sodium 
stannite (50 ml.). The volatile products were distilled, to give 1-chloro-1,2,2,2-tetrafluoroethane 
(0-340 g., 89%), b. p. —8° (isoteniscope) (Found: C, 17-6; H, 0-6; M, 134-9. C,HCIF, 
requires C, 17-5; H, 0-7%; M, 136-5). Its infrared spectrum was quite different from that 
of the known 1-chloro-1,1,2,2-tetrafluoroethane. In particular 1-chloro-1,2,2,2-tetrafluoro- 
ethane has strong absorption bands at 11-25, 11-33, 11-38 (triplet), 12-23, and 14-26, 14-37, 

3’ Haszeldine and Osborne, /J., 1956, 61. 

‘ Krespan, J. Org. Chem., 1960, 25, 105. 
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14-53 (triplet) u, where 1-chloro-1,1,2,2-tetrafluoroethane is relatively transparent, while the 
latter ethane shows strong absorption at 10-0 and 12-0 u which is absent from the spectrum 
of the present product. 

The ethane (0-122 g., 0-89 mmole) and chlorine (0-127 g., 1-8 mmoles) were exposed to ultra- 
violet light for one month (probably an excessive length of time) at room temperature. The 
product (0-114 g., 75%) (Found: M, 168. Calc. for C,Cl,F,: M, 171) was found to be identical, 
by comparison of their infrared spectra, with an authentic sample of 1,1-dichloro-1,2,2,2- 
tetrafluoroethane. 

Reactions between the Mercurial and Halogens.—(a) Chlorine. The mercurial (1-00 g., 2-82 
mmoles) and chlorine (0-318 g., 4-46 mmoles) were sealed in a 50-ml. Carius tube and heated 
at 140° for 24 hr. and then at 150° for 3 hr. The residual chlorine was absorbed in sodium 
hydrogen sulphite solution, and the remaining volatile products were distilled in vacuo, to give 
1,1-dichloro-1,2,2,2-tetrafluoroethane (0-407 g., 84%) (Found: C, 14:0%; M, 169-5. Calc. for 
C,Cl,F,: C, 14:0%; M, 171). The product was homogeneous on gas-liquid chromatography, 
and its infrared spectrum was identical with that of an authentic sample of the compound 
CF,°CFCI,. 

(b) Iodine. The mercurial (1-60 g., 4-5 mmoles) and iodine (1-50 g., 5-9 mmoles) were 
sealed in a 50-ml. Carius tube and heated at 100° for 1 hr. and then at 140° for 2 hr. The 
volatile products were distilled in vacuo, to give 1-chloro-1,2,2,2-tetrafluoro-1-iodoethane (0-95 g., 
81%) (Found: C, 9-2%; M, 259. C,CIF,I requires C, 9-2%; M, 262-5), b. p. 53° (isoteniscope). 
The product was homogeneous on gas-liquid chromatography. 

The ultraviolet spectra of the iodo-ethane were as follows: vapour, Amsx, 282 (€ 207), Amin. 
223-5 my (e 12); im hexane, Amax 282 (€ 310), Amin, 225 my (ce 22); in ethanol, Amax 258 (e 319), 
Amin, 232 my (e¢ 237). ’ 

Infrared Spectra.—These were determined on a Perkin-Elmer model 21 spectrophotometer 
with sodium chloride optics: 

CF,-CHFC1 (vapour): 3-33w, 7:27m, 7-72, 7-79 (s doublet), 8-27vs, 8-54, 8-58 (s doublet), 
9-05, 9-10(s doublet), 11-25, 11-33, 11-38 (s triplet), 12-23s, 14-26, 14-37, 14-53 (s triplet) yp. 

CF,°CFCII (vapour): 4-59w, 7-44w, 7-68m, 7-85s, 8-12s, 8-22s, 8-44m, 8-87m, 9-17s, 9-79w, 
10-62w, 10-93s, 11-65, 11-69 (m doublet), 11-90s, 12-80, 12-85, 12-89 (m triplet), 13-85, 13-92, 
13-99 (s triplet) p. 

Reaction Between Mercuric Fluoride and Tetrafluoroethylene.—Mercuric fluoride (12-0 g., 
0-0465 mole of HgF,) in an evacuated rocking autoclave of 100-ml. capacity was heated to 100°. 
A smaller autoclave of 20 ml. capacity containing tetrafluoroethylene (10-0 g., 0-100 mole) was 
then connected to the larger autoclave, and the mercuric fluoride was heated and rocked for 
4 hr. at 100°. The autoclave was then cooled and unchanged tetrafluoroethylene (2-5 g.) was 
withdrawn. The solid product, which fumed vigorously in moist air, was extracted with carbon 
disulphide. The extract was evaporated, and the crystalline residue was sublimed at 80°/1 atm., 
to yield white crystalline pentafluoroethylmercuric fluoride (0-5 g., 2%) (Found: C, 7-5. 
Calc. for C,F,Hg: C, 7-1%), m. p.-97°. Banus, Emeléus, and Haszeldine ! report m. p. 99— 
100° for the compound C,F;-HgF. 

There were also obtained 6-5 g. of a white polymer (Found: C, 18-0; F, 62-0. Calc. for 
C,,.F3,;HgF: C, 18-5; F, 62-2%). A test for mercury was positive, and the infrared spectrum 
of the polymer showed a general resemblance to that of palytetrafluoroethylene. 





One of the authors (R. N. M.) is indebted to the University of Bihar for leave of absence. 


FacuLTy OF TECHNOLOGY, THE UNIVERSITY OF MANCHESTER. ([Received, February 2nd, 1961.] 
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745. The Interaction of Decalin and Friedel-Crafts Acetylating 
Agents. Part III 


By G. BApDELEY, B. G. HEATON, and J. W. RAssBurn. 


The primary product of this reaction is shown to be 18,1’-epoxy-108- 
vinyl-tvans-decalin * (II). The following evidence for the tvans-configur- 
ation is provided. (a) The derived hydroxy-ketone (X) and the monoacetyl 
derivative of its oxime (see XII; Z = OAc) gave respectively 10-acetyl- 
A®)-octalin (XI) and the acetyl derivative of its oxime when treated with 
phosphorus oxychloride in pyridine. These results establish that, in (X), 
the hydroxyl group, and therefore the acetyl group, is trvans-related to the 
9-hydrogen atom; the corresponding substituents in the vinyl ether must be 
similarly related to the 9-hydrogen atom. (b) Desulphurisation of the 
thiouronium salt [V; Y = SC(NH,):NH,*, C,;H,SO,7], obtained by direct 
reaction of the vinyl ether, afforded 9-acetyl-tvans-decalin. (c) The infrared 
spectra of derivatives (e.g., XIV) conform with previous observations ? on 
trans-decalin derivatives. 

Other new derivatives of decalin are described. 


In Part I,° the interaction of acetyl chloride-aluminium chloride and decalin in the 
presence of an excess of the metal halide was shown to give 9-acetyl-trans-decalin (VI), 
10-acetyl-A!-octalin (XI), and other compounds. Part II! described how, in the absence 
of an excess of the metal halide, and under the mildest conditions compatible with a con- 
venient rate, the primary product was 1,1’-epoxy-10-vinyldecalin ¢ (II). The present paper 
is concerned with those reactions of compound (II), to be called the vinyl ether, which 
were involved in showing that the decalin portion has the ¢rans-configuration. For 
convenience, and without intent to beg the question, this configuration is assigned to all 
formulations. 

Homolysis of ethers by Grignard reagents in the presence of cobalt chloride is well 
known £ and analogous reactions have been effected 5 with lithium aluminium hydride— 
cobalt chloride. Acylic vinyl ethers have been cleaved by Grignard reagents even in the 
absence of cobalt chloride. The site of fission depends on the structure of the vinyl ether: 
thus, while those of the type R-CH:CH-OR’ react with R’MgBr to give R’OH and 
R-CH:CHR”, those of the type R-CH:CR’’-OR’ give R-CH,°COR’” and R’R’.® The 
yields of cleavage products usually exceed 50%. All our attempts to effect reductive 
fission of the vinyl ether (II) were unsuccessful; the vinyl ether was recovered in almost 
quantitative yield. 

Acid hydrolysis of the vinyl ether gave two hydroxy-ketones: the action of dilute 
sulphuric acid on the vinyl ether in diethyl ether gave the hydroxy-ketone (X), m. p. 62°, 
which is intramolecularly hydrogen-bonded,! while boiling dilute sulphuric acid gave the 
hydroxy-ketone (V; Y = OH), m. p. 57°, in which, from infrared spectra, hydrogen bond- 
ing is only intermolecular. When oxidised with chromium trioxide in pyridine, both 
products gave the same diketone (IX). Apparently, interaction of the vinyl ether with 
acid gives first the oxonium ion (III) which can be attacked by a water molecule at either 
of the carbon atoms attached to oxygen. Reaction in the side chain (III =~ VII) is the 


** All the compounds discussed in this paper were racemates: a- and f- have only relative significance 
with respect to an arbitrarily 108-substituent. 
¢ Incorrectly called 10-vinyldecalin 1,1’-oxide in Part II. 


1 Part II, Baddeley, Heaton, and Rasburn, /., 1960, 4713. 

2 Baker, Minckler, and Hussey, J. Amer. Chem. Soc., 1959, 81, 2379. 

3 Baddeley and Wrench, J., 1959, 1324. 

4 Kharasch and Urry, J. Amer. Chem. Soc., 1944, 66, 1438; J. Org. Chem., 1948, 18, 101. 

5 Karrer and Ruttner, Helv. Chim. Acta, 1950, 38, 812. 

® Hill, Woodberry, Simmons, Hill, and Haynes, J. Amer. Chem. Soc., 1958, 80, 4602; Hill, Prigmore, 
and Moore, ibid., 1955, 77, 352. 
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faster and more reversible process and gives compound (X); the other, less easily 
reversible, process is favoured by protracted reaction and provides the product (V; Y = 
OH). Thus these two hydroxy-ketones were obtained respectively by kinetic and thermo- 
dynamic control of the hydrolysis. With phosphorus oxychloride in pyridine, com- 
pound (X) lost the elements of water and gave 10-acetyl-A!-octalin (XI) which was 
described in Part I. This means of obtaining an unsaturated compound from a secondary 
alcohol has been used by Davy, Halsall, Jones, and Meakins,? and now provides evidence 
for a ¢vans-diaxial relation between the hydroxyl group and the 9-hydrogen atom in com- 
pound (X). This configurational relation, in conjunction with the fact that the hydroxyl 
group and the acetyl group are on the same side of the molecule (cf. the evidence of intra- 
molecular hydrogen bonding and the ready recombination! of the groups to give the 
vinyl ether), shows the decalin portion of compound (X), and therefore of the vinyl ether 
(II), to have the ¢rans-configuration. 





‘ CH? 
Me. 1 2 Me. 
‘CH % c. 
C18) i). = a Bp 
H (I) ae H (IIT) (IV) 
a. Me. _OH 
Ac Ac — 
CO — CID a 
(Vv HY “* H (VII) (VIII) 
) (V1) SZ it 
Me, 
Ac in Ac . coN 
A H 
(x) ° . OH (XII) 
C-Me 
CH2*OH = - 
(XIV) . 
(XIII) 
OH 


(The compounds handled were all raeemates.) 


The vinyl ether reacted with hydroxylamine, semicarbazide, and phenylhydrazine only 
in acidic media and gave addition products which are, respectively, the oxime, semi- 
carbazone, and phenylhydrazone (XII; Z= OH, NH:CO-NH,, and NHPh) of the 
hydroxy-ketone (X). These reactions did not involve preliminary hydrolysis of the 
vinyl ether since the oxime was obtained from the vinyl ether and hydroxylamine hydro- 
chloride in dry pyridine and, again, in anhydrous ethanol with fused sodium acetate to 
liberate hydroxylamine from its hydrochloride. These reactions are, therefore, represented 
by the scheme (II == III == VIII = XII). In contrast to the ready formation of 
the foregoing derivatives (XII), the isomeric hydroxy-ketone (V; Y = OH) was recovered 
almost quantitatively after prolonged heating with hydroxylamine hydrochloride (in 


7 Davy, Halsall, Jones, and Meakins, J., 1951, 2702. 
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excess) and sodium hydroxide in aqueous alcohol, conditions which afford the oxime 
(XII; Z = OH) very rapidly from the vinyl ether. When heated with dilute mineral 
acid, the compounds (XII) gave the vinyl ether and this was partly converted into the 
hydroxy-ketone (V; Y= OH). The vinyl ether was again recovered when the semi- 
carbazone (XII; Z = NH-CO-NH,) was heated for a short time above its melting point. 
The action of hot polyphosphoric acid on the oxime (XII; Z = OH) gave a compound 
which we believe to be the dihydro-oxazine (XIII). 

Both hydroxyl groups in the oxime (XII; Z = OH) were esterified by acetyl chloride, 
whereas only the hydroxyimino-group reacted with acetic anhydride and with toluene- 
p-sulphonyl chloride: understandably, esterification of the alcohol group is sterically 
hindered. However, this group is readily oxidised by chromium trioxide in pyridine and 
the monoacetyl derivative (XII; Z—= OAc) gave the acetate of the mono-oxime of the 
diketone (IX). The monoacetyl derivative of the oxime (i.e., XII; Z == OAc) lost the 
elements of water through the agency of phosphorus oxychloride in pyridine to give an 
oil which must have been the acetyl derivative of the oxime of 10-acetyl-A!®-octalin since 
it gave this oxime when gently hydrolysed by alkali; and this reaction with phosphorus 
oxychloride, like that of the hydroxy-ketone (X) with this reagent, is further evidence for 
the trans-configuration of the decalin moiety in these compounds and, therefore, in the 
vinyl ether from which they were prepared. 

Equimolecular amounts of the vinyl ether and f-nitrobenzoic acid at 170° gave 108- 
acetyl-trans-la-decalyl p-nitrobenzoate * (V; Y = O-CO-C,H,NO,); and the 3,5-dinitro- 
benzoate was similarly prepared. The well-known ready addition of acids to vinyl ethers: 


-0-t=CH- + HA = -0O-CA-CH,- makes it likely that the present interactions first 
gave a compound (IV; Y =O-COAr) by a readily reversible process which was 
accompanied by substitution at position 1 (III —» V; Y = O-COAr), a less easily revers- 
ible process. Alkaline hydrolysis of the esters gave the hydroxy-ketone (V; Y = OH) in 
nearly quantitative yields. With an excess of concentrated hydrochloric acid at room 
temperature, the vinyl ether rapidly gave 108-acetyl-l«-chloro-trans-decalin (V; Y = Cl) 
which has an infrared absorption band at 743 cm. as required for an equatorial C-Cl 
bond.’ Reduction of this compound with lithium aluminium hydride did not give 9-1’- 
hydroxyethyl-trans-decalin, which, by comparison with an authentic sample,? would have 
provided further evidence for the ¢rans-configuration of the decalin moiety; instead, 
18,1’-epoxy-108-ethyl-trans-decalin (I) was obtained by intramolecular displacement of 
chloride ion. It is noteworthy that all our attempts to obtain this saturated ether by 
catalytic hydrogenation of the vinyl ether have failed. Interaction of the vinyl ether and 
mineral acid in methanol or ethanol gave 108-acetyl-la-methoxy- or 108-acetyl-la-ethoxy- 
trans-decalin (V; Y = OMe and OEt) respectively. 

The vinyl ether in ethanol combined with thiourea in the presence of toluene-p- 
sulphonic acid to give S-(108-acetyl-trans-la-decalyl)thiouronium toluene-p-sulphonate 
[V; Y = SC(NH,):NH,*, C,H,*SO,~] from which the picrate, being a less soluble salt, was 
obtained quantitatively. Oxalic acid and even acetic acid are able to effect this combin- 
ation of the vinyl ether with thiourea. The toluene-p-sulphonate with Raney nickel in 
boiling ethanol gave a mixture of 9-acetyl-trans-decalin (VI) and the vinyl ether (II). 
The latter was the main product when less active Raney nickel was used and is probably 
given by reversal of the process affording the thiouronium salt. Nickel—aluminium alloy 
in aqueous-alcoholic sodium hydroxide provided the saturated ketone (VI) in highest 
yield. This compound was identified (a) by comparing its infrared spectrum with that of 
an authentic sample,® (b) by reducing it with lithium aluminium hydride to the corre- 
sponding alcohol which was identified as its «-naphthylurethane,’ and (c) by oxidation to 
trans-decalin-9-carboxylic acid. These observations are yet more evidence for the 


* See footnote on p. 3828. 
® Barton, Page, and Shoppee, /., 1956, 331. 
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trans-configuration of the decalin structure in the vinyl ether, but only if the formation of 
the thiouronium salt and its desulphurisation do not provide configurational rearrangement 
at Cw. We have shown that the unsaturated ketone (XI) is not an intermediate in the 
preparation of the thiouronium salt by demonstrating that this ketone does not react with 
thiourea under the experimental conditions. Previous reductive desulphurisations of 
thiouronium salts ® and other sulphur compounds have shown that epimerisation does not 
occur when the hydrogen in question is attached to the carbon atom adjacent to that 
carrying the sulphur atom. 

Interaction of the thiouronium salt with potassium borohydride, and again with 
hydrazine hydrate and potassium hydroxide under Wolff-Kishner conditions, gave an 
alkali-soluble compound, C,,H,,OS, which, according to its infrared absorption spectrum, 
is 108-acetyl-1a-mercapto-trans-decalin (V; Y = SH). The benzylthio-compound (V; Y = 
S*CH,Ph) was afforded by interaction of the vinyl ether and toluene-«-thiol in the presence 
of a trace of hydrochloric acid. 

The infrared absorption spectra of cis- and trans-decalin are very similar and do not 
afford distinguishing evidence regarding the nature of the ring junctions in the compounds. 
However, diagnostic differences have recently been reported ? for all the stereoisomers of 
10-methyl-2-decalol and 9-hydroxymethyldecalin, and for some of the isomers of 
10-hydroxymethyl-2-decalol; the derivatives of trans-decalin showed a single strong 
absorption band at 1448—1452 cm. and the cis-isomer derivatives showed, in addition, 
a second strong band of only slightly lower intensity at 1470—1475 cm.+. We now report 
that 108-hydroxymethyl-trans-18-decalol (XIV) shows only a single strong absorption 
band at 1450 cm.+; in view of the close structural similarity between the diol (XIV) and 
the aforementioned decalols this infrared absorption may be considered as further support 
for the trans-configuration of the decalin portion of the diol (XIV) and, therefore, of the 
vinyl ether (II) from which the diol has been prepared (see Part I1#). The infrared 
spectrum of the vinyl ether (II) contains only a single strong absorption band (at 
1451 cm.-1) in the region 1450—1475 cm.* but in this case the trigonal carbon atom (1’) 
of the 10-substituent provides a structural difference which may be sufficient to prejudice 
a close comparison with the saturated compounds. 

The high-resolution nuclear magnetic resonance spectrum of the pure vinyl ether was 
determined by Dr. J. Lee. In the region associated with the decalin-hydrogen atoms, 
it has a single absorption band which is broader than, though otherwise similar to, that of 
cis-decalin and’ its derivatives. In this respect the spectrum was remarkable since the 
vinyl ether, whether it has the cis- or trans-decalin structure, should, as a consequence of 
the rigidity imposed upon the molecule by the 1,1’-ether bridge, have the fine structure 
shown by trans-decalin, and, presumably, any decalin derivative which has axial and 
equatorial hydrogen atoms of non-interchangeable conformation. 

Further evidence for our view that the vinyl ether (II) is the primary product of the 
interaction of decalin and a Friedel-Crafts acetylating agent under mild conditions, is 
our observation that the yield of the vinyl ether was not lowered when the crude reaction 
mixture, after it had been freed from aluminium chloride and dried, was treated with 
an excess of lithium aluminium hydride. This result excludes the possibility that the 
chloro-ketone (_V; Y = Cl) or the hydroxy-ketone (X) is first formed and provides the vinyl 
ether (II) on distillation, since only the vinyl ether resists reduction with lithium aluminium 
hydride. It is therefore probable that the vinyl ether, in some protonated form such 
as (III), is present in the reaction mixture before the latter is decomposed on ice during 
the usual isolation procedure.t A reaction mechanism for the formation of the vinyl ether 
(II) from decalin has already been proposed; ! it involves the addition of acetyl cation 
across the double bond of 9,10-octalin and ring expansion of the resulting 4~membered 


® Hardegger and Montavon, Helv. Chim. Acta, 1946, 29, 1129. 
10 Musher and Richards, Proc. Chem. Soc., 1958, 230. 
1 Ahmad, Baddeley, Heaton, and Rasburn, Proc. Chem. Soc., 1959, 395. 
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heterocycle. It is of interest that a cyclic oxonium salt with a 4-membered ring has been 
proposed ! as an intermediate in the Friedel-Crafts acylation of cyclo-octatetraene. 


EXPERIMENTAL 


Attempted Reaction of the Vinyl Ether (11) with Methylmagnesium Iodide and with Lithium 
Aluminium Hydride—Cobalt Chloride.—(a) The viny] ether (5-0 g.) in ether (30 ml.) was added to 
the Grignard reagent obtained from methyl] iodide (6-2 ml.) and magnesium (2-4 g.) in ether 
(40 ml.). The mixture was refluxed for 3 hr. and the unchanged vinyl ether (4 g.) was 
subsequently recovered. 

(6) The vinyl ether (40 g.), previously purified by means of lithium aluminium hydride, in 
ether (50 ml.) was added to lithium aluminium hydride (6-0 g.) in ether (200 ml.) 
containing anhydrous cobalt chloride (50 mg.). The mixture was refluxed with stirring 
for 20 hr. with the addition of cobalt chloride (30 mg.) at 3-hourly intervals. The vinyl ether 
(>35 g.) was subsequently recovered; no other definite product was isolated. 

108-A cetyl-trans-la-decalol * (V; Y = OH).—A mixture of the vinyl ether (4-7 g.) and 
2n-sulphuric acid (90 ml.) was refluxed for 30 min., cooled, and extracted with ether. The 
ether extract was dried (K,CO,) and distilled and gave, together with lower-boiling material 
(2-4 g.), the required compound (1-4 g.), b. p. 150—158°/17 mm., which crystallised from light 
petroleum in needles, m. p. 56—57° (Found: C, 73-3; H, 10-3. C,,.H,,O, requires C, 73-5; H, 
10-2%). Its infrared absorption spectrum (CCl, solution) showed, apart from an intense band 
at 1704 cm.*! (C=O), two weak bands at 3636 and 3484 cm.!; of these weak bands the former 
increased and the latter decreased in intensity with dilution and they are therefore ascribed to 
free and intermolecularly hydrogen-bonded hydroxyl groups respectively. The compound 
gave a p-nitrobenzoate, prisms (from ethanol), m. p. 122—124° (Found: C, 66-3; H, 7-0; N, 
4-6. C,,H,,NO, requires C, 66-1; H, 6-7; N, 4-1%), and a 3,5-dinitrobenzoate, needles (from 
methanol), m. p. 171—172° (Found: C, 58-0; H, 5-8; N, 7-2. C,,H,,N,O, requires C, 58-4; 
H, 5-6; N, 7-2%), and with chromium trioxide in pyridine gave 10-acetyl-1-decalone,! m. p. 
and mixed m. p. 67—69°. 

Dehydration of 108-Acetyl-trans-18-decalol } with Phosphorus Oxychloride in Pyridine.—These 
compounds (10-0 g., 25 ml., and 100 ml. respectively) were heated together at 115° for 1 hr. and 
gave 10-acetyl-A™)-octalin * (6-6 g.), b. p. 114—116°/8 mm. (Found: C, 81-2; H, 10-0. Calc. 
for C,,.H,,O: C, 80-9; H, 10-1%), which was identified (a) by its infrared absorption 
spectrum, (b) by its semicarbazone, m. p. and mixed m. p. 216°: (in Part I the m. p. was 
wrongly reported as 254°), and (c) by reduction to 10-1’-hydroxyethyl-A')-octalin * 
(Found: C, 80-0; H, 11-1. Calc. for C,,H,,»0: C, 80-0; H, 11-1%) which was identified by its 
infrared absorption spectrum and its «-naphthylurethane, m. p. and mixed m. p. 143—145° 
(reported in Part I as 136°). 

Derivatives of 108-Acetyl-trans-18-decalol_—(a) A solution of the vinyl ether (0-95 g.), 
hydroxylamine hydrochloride (2-5 g.) and potassium hydroxide (1-0 g.) in ethanol (15 ml.) and 
water (10 ml.) was heated on the steam-bath for 15 min. and provided the required oxime as 
plates (1-1 g.),m. p. 198—199° (Found: C, 68-2; H, 9-9; N, 6-4. C,.H,,NO, requires C, 68-2; 
H, 10-0; N, 66%). This oxime (0-75 g.) was also obtained from the vinyl ether (0-95 g.) and 
anhydrous hydroxylamine hydrochloride (2-3 g.) in dry pyridine (5 ml.), and from the vinyl 
ether (0-95 g.), hydroxylamine hydrochloride (2-5 g.), and fused sodium acetate (2-9 g.) in 
absolute ethanol (20 ml.). 

(b) The semicarbazone (9-5 g.) was obtained from a mixture of the vinyl ether (9-0 g.), semi- 
carbazide hydrochloride (10-0 g.) and sodium acetate (15 g.) in ethanol (50 ml.) and water 
(50 ml.) on the steam-bath (30 min.). It recrystallised from ethanol in needles, m. p. 232— 
233° (Found: C, 62-2; H, 8-9; N, 16-4. C,,H,,;N,O, requires C, 61:7; H, 9-1; N, 16-6%). 

(c) The phenylhydrazone was obtained from the vinyl ether and phenylhydrazine in glacial 
acetic acid and separated from light petroleum—methanol in needles, m. p. 186—188° (Found: 
C, 75-4; H, 9-2; N, 10-2. C,,H,,N,O requires C, 75-5; H, 9-2; N, 9-8%). 

When heated at 240° for 10 min. the semicarbazone (0-50 g.) gave the vinyl ether (0-22 g.). 
Hydrolysis of the semicarbazone (20 g.) with 0-1N-sulphuric acid gave the vinyl ether (6-0 g.). 


* See footnote on p. 3828. 
12 Cope, Liss, and Smith, J. Amer. Chem. Soc., 1957, 79, 240. 
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Hydrolysis of the oxime with 2Nn-sulphuric acid gave the vinyl ether and 108-acetyl-trans-la- 
decalol. The oxime (12-5 g.) in polyphosphoric acid (300 g.) at 110° (15 min.) gave the oxazine 
(XIII) (5-1 g.), b. p. 113—116°/16 mm., ,?° 1-5022 (Found: C, 74-0; H, 10-0; N, 7:2. 
C,,H,,NO requires C, 74-6; H, 9-8; N, 7-2%), soluble in 2n-hydrochloric acid from which it 
was liberated by an excess of ammonia; it did not combine with toluene-p-sulphonyl chloride 
in pyridine; it gave a weak carbylamine reaction; in carbon tetrachloride it absorbed strongly 
at 1664 and 1377 cm.? and gave no evidence for the presence of an OH or NH group; 
it contained 0-4 methyl group (Kuhn—Roth); its hydrochloride was precipitated from diethyl 
ether as a white powder, m. p. 232° (Found: C, 63-2; H, 8-9; N, 6-4; Cl, 15-7. C,,H,,CINO 
requires C, 62-8; H, 8-7; N, 6-1; Cl, 15-5%); and its picrate separated from ethanol in yellow 
needles, m. p. 158—159° (Found: C, 51-2; H, 5-2; N, 13-5. C,,H..N,O, requires C, 51-2; H, 
5-2; N, 13°3%). 

The oxime in an excess of acetyl chloride on the steam-bath gave a diacetyl derivative, 
rectangular prisms (from light petroleum), m. p. 75° (Found: C, 64-5; H, 8-4; N, 4:5. 
C,g,H,;NO, requires C, 65-1; H, 8-5; N, 4-7%). 

With excess of toluene-p-sulphony! chloride in acetone over potassium carbonate, the oxime 
gave only a monotoluene-p-sulphonate, needles (from acetone), m. p. 169—171° (Found: C, 
62-7; H, 7-8; S, 7-7. CygH,,NO,S requires C, 62-5; H, 7-4; S, 88%). The oxime (2-4 g.) 
and acetic anhydride (3 ml.) in pyridine (3 ml.) gave a monoacetyl derivative (2-0 g.), needles 
(from light petroleum), m. p. 116—118° (Found: C, 66-4; H, 9-2; N, 5:3. C,,H,,;NO, requires 
C, 66-4; H, 9-1; N, 5-5%). After several days at room temperature, a mixture of the mono- 
acetate (1-01 g.) and chromium trioxide (1-2 g.) in pyridine (15 ml.) gave the keto-oxime acetate 
(0-45 g.) which separated from light petroleum in plates, m. p. 94—96° (Found: C, 67-1; H, 
8-2; N, 5-8. C,,H,,NO, requires C, 66-9; H, 8-4; N, 56%). The monoacetate (0-6 g.) with 
phosphorus oxychloride (6 ml.) in pyridine (24 ml.) at 100° (3 hr.) gave an oil which, with 
ethanolic sodium hydroxide, gave 10-acetyl-A©)-octalin oxime, m. p. and mixed m. p. 122— 
124° (0-4 g.) (Found: C, 74-4; H, 9-9; N, 7-2. C,,H,,NO requires C, 74-6; H, 9-8; N, 7:2%); 
10-acetyl-A!®)-octalin does not readily give the oxime. 

A mixture of the vinyl ether (10-0 g.) and p-nitrobenzoic acid (10-0 g.) was slowly heated to 
170° and kept at this temperature for 25 min. The acid slowly dissolved to give a 
green solution which gradually became brown. On cooling, the mixture solidified and was 
shaken with diethyl ether (500 ml.) and saturated sodium hydrogen carbonate solution. The 
organic layer was separated, washed with water, and dried (MgSO,). Volatilisation of the 
solvent gave a solid which was washed with light petroleum and recrystallised from ethanol 
(charcoal). 106-Acetyl-trvans-la-decalyl p-nitrobenzoate (11-0 g.) was obtained as prisms, 
m. p. 117—118°. The 3,5-dinitrobenzoate, similarly prepared, formed needles, m. p. 171— 
172°, from methanol. Hydrolysis of these esters with sodium hydroxide in 50% aqueous 
ethanol gave 108-acetyl-trans-la-decalol, m. p. and mixed m. p. 56—57°. 

108-A cetyl-1a-chloro-trans-decalin (V; Y = Cl).—The vinyl ether (10 ml.) was vigorously 
shaken with concentrated hydrochloric acid (75 ml.) for 15 min. The organic layer was 
separated with light petroleum, washed with iced water, and dried (MgSO,). Distillation gave 
fractions, (i) b. p. 126—140°/12 mm. (2-0 g.) and (ii) b. p. 140—150°/12 mm. (7-0 g.), 7,24 1-5055 
(Found: C, 68-4; H, 9-0; Cl, 15-0. Calc. for C,,H,,ClO: C, 67-1; H, 8-9; Cl, 16-6%). The 
latter product is the required chloro-ketone containing 10% of the vinyl ether. Its infrared 
absorption spectrum has strong absorption bands at 1704 (C=O), 743 (equatorial C-Cl),® and 
1667, 1000, and 790 cm. (vinyl ether). 

1,1’-Epoxy-108-ethyl-trans-decalin (I).—The above chloro-ketone (9-0 g.) in tetrahydrofuran 
(50 ml.) was gradually added to lithium aluminium hydride (3-0 g.) in tetrahydrofuran (100 ml.) ; 
after the initial vigorous reaction, the mixture was refluxed with stirring far 10 hr. The excess 
of hydride was destroyed by ethyl acetate (25 ml.), and ice-cold 2N-sulphuric acid (150 ml.) 
was added to the cooled mixture. The ether extracts were washed with water and 
dried (K,CO,). Distillation gave an oil (6-0 g.), b. p. 116—122°/10 mm., ,* 1-4940, 
which was heated with sodium (0-5 g.) at 140° for 3 hr. Redistillation gave the oxide (1) 
(4:5 g.), b. p. 114—115°/10 mm., °° 1-4944, as an oil of camphor-like odour (Found: 
C, 79-8; H, 11-1. C,,H,.O requires C, 80-0; H, 11-1%). It did not decolorise bromine 
in carbon tetrachloride and has strong infrared absorption bands at 1110, 1087, 1063, and 1000 
cm."?, 

108-Acetyl-la-bromo-trans-decalin (V; Y = Br).—The vinyl ether (9-5 g.) was gradually 
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added to 60% hydrobromic acid (30 ml.) at 0° and the mixture was shaken. A solid separated 
which was collected in light petroleum, washed with water, and dried (Na,SO,). The bromo- 
ketone (13-5 g.) separated from light petroleum (b. p. <40°; 20 ml.) in prisms, m. p. 39—41 

(Found: C, 55-5; H, 7-4; Br, 30-8. C,,H,,BrO requires C, 55-6; H, 7-3; Br, 30-9%); it has 
strong infrared absorption bands at 1709 (C=O) and 699 cm.~! (C—Br). 

108-A cetyl-la-methoxy-trans-decalin (V; Y = OMe).—The vinyl ether (5-0 g.) was refluxed 
in methanol (50 ml.) containing concentrated sulphuric acid (1 drop) for 90 min., then potassium 
carbonate (1 g.) was added. Filtration, evaporation, and addition of water gave the required 
methoxy-ketone (6-0 g.), m. p. 51—56°, which separated from light petroleum in plates, m. p. 
58-5—60° (Found: C, 74-7; H, 10-8. C,,;H,,O, requires C, 74-3; H, 10-5%), vmax, 1706 (C=O), 
1127, and 1093 cm.*!. 

The corresponding ethoxy-ketone (V; Y == OEt) was similarly obtained as an oil, b. p. 136- 
138°/6 mm. (Found: C, 75-2; H, 10-8. C,,H,,O, requires C, 75-0; H, 10-7%), vmax, 1706 (C=O), 
1110, and 1087 cm.*. 

108-A cetyl-la-benzylthio-trans-decalin (V; Y = S*CH,Ph).—The vinyl ether (9 g.), toluene- 
«-thiol (7 g.), and ZeoKarb 225 (acid-exchange resin) (0-5 g.) were heated together for 1-5 hr. at 
100°. There was no apparent reaction and concentrated hydrochloric acid (0-1 ml.) was added. 
After several weeks at room temperature, the mixture was shaken with ether (250 ml.) and 
2n-sodium hydroxide (150 ml.). The ether layer gave the required sulphide (11 g.), b. p. 245— 
250°/15 mm. (Found: C, 75-7; H, 8-6; S, 10-9. C,,H,,OS requires C, 75-5; H, 8-6; S, 10-6%). 
When the vinyl ether (9 g.) and toluene-«-thiol (7 g.) in ethanol (25 ml.) containing concentrated 
sulphuric acid (4 drops) were heated on the steam-bath for 2 hr., 108-acetyl-la-ethoxy-trans- 
decalin (V; Y = OEt) was the major product. 

S-(108-A cetyl-trans-la-decalyl)thiouronium Toluene-p-sulphonate [V; Y = 
S°C(NH,):-NH,*C,H,*SO, _].—Toluene-p-sulphonic acid monohydrate (9-5 g.) was gradually 
added to a hot solution of the vinyl ether (8-9 g.) and thiourea (3-8 g.) in ethanol (50 ml.). Each 
addition of the acid gave a greenish-yellow colour which was allowed to disappear before a 
further addition was made. A pale yellow colour persisted at the end of the addition and the 
solution was heated for a further hour on the steam-bath. The required thiouronium salt 
(13-0 g.) slowly separated from the cold mixture and concentration of the mother-liquor gave a 
further 6-1 g. as colourless prisms, m. p. 192—193° (Found: C, 56-3; H, 7:2; N, 68. 
CopHy9N,0,5, requires C, 56-3; H, 7-0; N, 66%). With S-benzylthiouronium chloride in 
aqueous ethanol it readily gave S-benzylthiouronium toluene-p-sulphonate, m. p. and mixed 
m. p. 181—182°. With an alcoholic solution of picric acid it gave the picrate as yellow needles, 
m. p. 182—183° (Found: N, 14:2. C,,H,;N;O,S requires N, 14-5%). The picrate was 
obtained in lower yield when picric acid in ethanol was added to a mixture of the vinyl ether, 
thiourea, and oxalic or acetic acid in ethanol which had been heated on the steam-bath for 3 hr. 

10-Acetyl-A®)-octalin (1-0 g.) and thiourea (0-45 g.) in boiling ethanol (12 ml.) gave no 
colour on addition of toluene-p-sulphonic acid monohydrate (1-0 g.). A yellow colour slowly 
developed and deepened as heating was continued for 1 hr. but the decalylthiouronium picrate 
was not isolated on addition of picric acid. 

Desulphurisation. (a) Asolution of the thiouronium toluene-p-sulphonate (4-0 g.) in ethanol 
(160 ml.) was refluxed with Raney nickel (ca. 10-g.) for 3—4 hr. The mixture was filtered and 
ethanol was removed under reduced pressure. The residue was dissolved in ether, dried 
(MgSO,), and distilled. An oil, b. p. 128—132°/19 mm., n,** 1-4980, was obtained which, like 
9-acetyl-tvans-decalin, did not form a semicarbazone and was reduced by lithium aluminium 
hydride to 9-1’-hydroxyethyl-trans-decalin * («-naphthylurethane, m. p. and mixed m. p. 162° 8). 
(b) The toluene-p-sulphonate (6-0 g.), ethanol (50 ml.), and 5Nn-sodium hydroxide (300 ml.) 
were stirred together while powdered 1:1 nickel—aluminium alloy (25 g.) was added during 
2 hr. An oil of camphor-like odour tended to separate from solution and coat the powdered 
alloy; it was kept in solution by further additions of ethanol. The mixture was stirred for a 
further 2 hr. and worked up in the conventional way; it gave 9-acetyl-trans-decalin (2-0 g.), 
b. p. 110°/9 mm., ,** 1-4916, which was identified as described above and by its infrared 
absorption spectrum. 

The toluene-p-sulphonate (43 g.) with 100% hydrazine hydrate (14 ml.) and sodium 
hydroxide (6 g.) in diethylene glycol (50 ml.) was heated for 1-5 hr. at 100° and then for 6 hr. 
as the temperature was raised to 210°. When the evolution of ammonia was complete, the 
mixture was cooled, acidified with concentrated hydrochloric acid, and extracted with ether. 
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Distillation of the dried extract gave an oil (1-5 g.), b. p. 158°/10 mm., which is probably 
108-acetyl-la-mercapto-trans-decalin (V; Y = SH) (Found: C, 67-9; H, 9-7; S, 14-9. C,,H,,OS 
requires C, 67-9; H, 9-4; S,15-1%). It is soluble in alkali and has a strong infrared absorption 
band at 1706 cm. (C=O) and bands of medium intensity at 2680 and 2570 cm.1 (S-H). The 
same compound (1-5 g.) was obtained when the toluene-p-sulphonate (4-1 g.) was treated with 
potassium borohydride (0-5 g.) in water (5 ml.) containing 2N-sodium hydroxide (2 drops). 
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746. The Interaction of Decalin and Friedel-Crafts Acetylating 
Agents. Part IV. 


By G. BADDELEy, B. G. Heaton, and (in part) J. W. RAsBURN. 


This reaction, in the presence of an excess of aluminium chloride or an 
amount equimolar with that of the acetyl chloride, gives 10$-acetyl-trans- 
28-decalol * (II) which is also obtained, together with 10-acetyl-A)®)-octalin 
(VIII), when 1,1’-epoxy-108-vinyl-trans-decalin (VII), the primary product 
of the interaction, is added to an excess of the metal halide in ethylene 
chloride. Several new derivatives of tvans-decalin are described. 


Part I ® showed that decalin and acetyl chloride at 20—35° in the presence of an excess 
of aluminium chloride gave a mixture which included 9-acetyl-trans-decalin, 10-acetyl- 
A’®-octalin (VIII), 6-acetyltetralin, and a solid, C,.H,,0,, m. p. 107—108°. We now 
report that this solid is formed, together with 1,1'-epoxy-108-vinyl-trans-decalin 13 (VII), 
when the reaction mixture contains acetyl chloride and aluminium chloride (as AICl,) in 
equimolecular amounts, or, together with the acetyloctalin (VIII), when the 18,1’-oxide 
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(two isomers) 


All the compounds were racemates. 


(VII) in ethylene chloride is left for several days in contact with an excess of aluminium 
chloride. This solid, called here the hydroxy-ketone, was shown to be 108-acetyl-trans- 
28-decalol (II). 


* See footnote, p. 3828. 
1 


Part III, preceding paper. 
* Baddeley and Wrench, /., 1959, 1324. 
3 Baddeley, Heaton, and Rasburn, /., 1960, 4713. 
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The solid was shown in Part I to be a hydroxy-ketone giving a semicarbazone and 
a-naphthylurethane; an oxime and #-nitrobenzoate have also been prepared, but the 
former only in acid media. 

Reduction of the hydroxy-ketone with lithium aluminium hydride, like that of 106- 
acetyl-trans-1a-decalol (III) but unlike that of the 18-alcohol (IV), is not stereospecific and 
gave a mixture of diols which was separated into its components: these are presumably the 
two stereoisomers of 10-1’-hydroxyethyl-trans-28-decalol (IX). 

The hydroxy-ketone did not react with chromium trioxide in pyridine at room temper- 
ature but with 8N-chromic acid in acetone * gave a diketone (V), m. p. 42°, with carbonyl 
absorption bands at 1706 and 1715 cm.?. Dehydrogenation of this compound with 
sulphur gave $-naphthol. The evidence thus far indicates that the hydroxyl and the 
acetyl group are attached to the decalin skeleton at the 2- and 10- or 2- and 9-positions 
respectively. 

The infrared absorption spectrum of the hydroxy-ketone has a band at 1709 cm.! 
(C=O) and bands at 3636 and 3460 cm. which are provided by free and intermolecularly 
hydrogen-bonded hydroxyl groups since their intensities were increased and decreased 
respectively by dilution of the carbon tetrachloride solution. The fingerprint region of 
the spectrum is similar to that of 108-acetyl-tvans-1a-decalol (III), indicating an equatorial 
hydroxyl group and a érans-decalin grouping. This conformation of the hydroxyl group is 
further reflected by the resistance to chromium trioxide in pyridine. 

The hydroxy-ketone with concentrated hydrochloric acid gives 108-acetyl-2«-chloro- 
trans-decalin (VI), which has strong infrared absorption bands at 712 cm.+ (axial C-Cl) 
and 1258 cm.*! (cf. 3«-chlorocholestane, which has an axial chlorine and trans-A/B fusion). 
This reaction provides further evidence for the equatorial hydroxyl group. 

The hydroxy-ketone has an unexpectedly high volatility: its boiling point, 120°/12 
mm., is much lower than that of the isomer (III), b. p. 160°/12 mm., which also has an 
equatorial hydroxyl group and an infrared absorption spectrum which shows inter- 
molecular but not intramolecular hydrogen bonding. We suggest that the high volatility 
is provided by intramolecular hydrogen bonding which occurs when the ring carrying the 
hydroxyl group assumes a boat conformation and that it is evidence for the §-configur- 
ation of both the acetyl and the hydroxyl group. 

When the hydroxy-ketone was heated under reduced pressure with toluene-p-sulphonic 
acid, it lost the elements of water and gave a mobile oil, C,,H,,O, which has not a hydroxyl 
group but, as a vinyl ether (cf. I), shows strong infrared absorption at 1653 cm.+. Like 
vinyl ethers which have a terminal methylene group, it absorbs strongly also at 795 and 
weakly at 3106 cm.+. The frequency 1653 cm. is lower than that (1667 cm.~) of the 
vinyl ether (VII) and is in accordance with the formula (I) in which the double bond is 
exocyclic to a six-membered ring and not to a five-membered ring as in (VII). The vinyl 
ether (I) readily decolorises bromine in carbon tetrachloride, is readily hydrolysed to the 
original hydroxy-ketone, m. p. 107°, by dilute mineral acid, and with hydroxylamine in 


CH Me Me. 
280 ‘* Cc, Ac 
CTS ms | - ee 
mi —> — > 
A . : (-H*) : OH 
; : . - . H 
H (VII) H = (X) H (x1) an 


acid gives the oxime of this hydroxy-ketone. These results prove the cis-relation between 
the hydroxyl and the acetyl group, and, therefore, show that the hydroxy-ketone, m. p. 
107°, is 108-acetyl-trans-28-decalol (II). The mechanism of its formation from decalin 
and an acetylating agent and from 1,1’-epoxy-108-vinyl-trans-decalin has previously been 
discussed.* It includes the ring enlargement (X — XI) which is similar to that proposed 


* Bladon, Fabian, Henbest, Koch, and Wood, J., 1951, 2402. 
5 Ahmad, Baddeley, Heaton, and Rasburn, Proc. Chem. Soc., 1959, 395. 
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by Noyce and Weingarten ® to explain the change of cis-3-methoxycyclohexanecarboxylic 
acid (XII) into methyl trans-4-acetoxycyclohexanecarboxylate (XIII) through the agency 
of sulphuric acid in acetic anhydride. 


ar CO,Me 
... 
———yP 
-H, “a a 
a” “os 4 e (XIII) 


(X11) 


EXPERIMENTAL 


108-A cetyl-trans-28-decalol * (I1).—(i) A solution of acetyl chloride (150 ml.) in ethylene 
chloride (600 ml.) was saturated with aluminium chloride (280 g.) and decanted from undissolved 
chloride. Decalin (170 g.) was gradually added to the stirred solution at 7°, and the mixture 
was held at 10—12° for 7 hr., decomposed with ice and water, and worked up in the usual way. 
Distillation gave 1,1’-epoxy-108-vinyl-tvans-decalin (VII) (63-8 g.), b. p. 107—112°/13 mm., 
and a fraction (29 g.), b. p. 115—125°/13 mm., from which the required ? hydroxy-ketone 
(ca. 9 g.), m. p. 107°, slowly separated. (ii) 1,1’-Epoxy-108-vinyl-tvans-decalin (15 g.) was 
gradually added, with cooling, to aluminium chloride (22-4 g.) in ethylene chloride (40 ml.); 
after 2 days at room temperature, the mixture was decomposed with ice and worked up in the 
usual way. Distillation gave the unchanged oxide (5 g.), b. p. 110—113°/14 mm., a fraction 
(5 g.), b. p. 115—122°/14 mm., and a residue (5 g.) which under 14 mm. pressure did not distil 
below 140°. The second fraction in light petroleum at —10° gave the hydroxy-ketone (1-0 g.) 
as needles, m. p. and mixed,? m. p. 107°. - The filtrate contained an oil which was placed on an 
alumina column and eluted with light petroleum (b. p. 60—80°). It gave a fraction (1-2 g.) 
which was identified as 10-acetyl-A!®-octalin by its infrared spectrum and its semicarbazone, 
m. p. and mixed m. p. 216—218°. 

Reactions of the Hydvoxy-ketone (11).—(i) With hydroxylamine. A mixture of the hydroxy- 
ketone (0-45 g.), hydroxylamine hydrochloride (1-25 g.), and potassium hydroxide (0-50 g.) in 
50% aqueous ethanol (10 ml.) was heated at 100° for 20 min. The oxime separated on cooling 
and crystallised from light petroleum-ethanol in poems (0-22 g.), m. p. 150-5—151-5° (Found: 
C, 68-2; H, 10-0; N, 6-4. C,.H,,NO, requires C, 68-2; H, 10-0; N, 6-6%). The oxime was 
not formed when the reaction mixture was alkaline. 

(ii) With p-nitrobenzoyl chloride. The hydroxy-ketone (0-50 g.) and p-nitrobenzoyl chloride 
(0-55 g.) were heated in benzene (5 ml.) and pyridine (6 ml.) on the steam-bath for 2hr. After 
cooling, the mixture was diluted with ether and washed severally with dilute sulphuric acid 
(30 ml.), saturated sodium hydrogen carbonate solution (10 ml.), and water (20 ml.)._ The ether 
extract was dried (Na,SO,) and gave the p-nitrobenzoate (0-67. g.) which separated from light 
petroleum-ethanol in straw-coloured needles, m. p. 172—173° (Found: C, 66-2; H, 6-8; 
N, 3:8. C,,H,,NO, requires C, 66-1; H, 6-7; N, 4-1%). 

(iii) With chromic acid. A portion (3 ml.) of a solution of chromium trioxide (33 g.) in dilute 
sulphuric acid (125 ml. containing 27 ml. of the concentrated acid) was added dropwise to a 
solution of the hydroxy-ketone (1-2 g.) in acetone (100 ml.). After 3 min., water (350 ml.) was 
added and the mixture was extracted with ether. The extracts were washed with water and 
dried (K,CO,) and gave 108-acetyl-trans-2-decalone (1-0 g.) which separated from light petroleum 
(b. p. <40°) in needles, m. p. 42—43-5° (Found: C, 74-4; H, 9-4. C,,H,,O, requires C, 74-2; 
H, 9-3%), Vmax, (in CCl,) 1706 and 1715 cm.! (C=O). Dehydrogenation of this diketone by 
sulphur gave 8-naphthol, m. p. and mixed m. p. 119—121°. 

(iv) With concentrated hydrochloric acid. After 2 days at room temperature there was no 
reaction between the hydroxy-ketone (0-35 g.) and concentrated hydrochloric acid (5 ml.), but 
when the mixture was heated at 100° for 1 hr. it gave 108-acetyl-2«-chloro-trans-decalin which 
separated from light petroleum (b. p. 40—60°) in prisms, m. p. 75—76° (Found: C, 67-3; H, 
9-0. C,,H,,ClO requires C, 67-1; H, 8-9%), vmax 1701 (C=O), and 712 and 1258 cm. 
(axial C-Cl). 

(v) With toluene-p-sulphonic acid. A mixture of the hydroxy-ketone (2-2 g.) and the acid 


* See footnote, p. 3828. 
® Noyce and Weingarten, J. Amer. Chem. Soc., 1957, 79, 3098. 
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(0-04 g.) was heated at 125° for 90 min. and distilled under reduced pressure. It gave 28,1’- 
epoxy-108-vinyl-trans-decalin (1-1 g:), b. p. 117°/18 mm. (Found: C, 81-3; H, 10-0. C,,H,,0 
requires C, 80-9; H, 10-1%). This decolorised bromine in carbon tetrachloride, gave a brown 
colour with tetranitromethane, was readily hydrolysed by dilute mineral acid to the original 
hydroxy-ketone, m. p. and mixed m. p. 107°, and gave the oxime of this hydroxy-ketone when 
warmed with hydroxylamine in acidic aqueous ethanol. Its infrared absorption spectrum 
showed the absence of a hydroxyl group and had strong bands at 1653, 1441, 1227, 1143, 1038, 
and 795 cm."}. 

(vi) With lithium aluminium hydride. Reduction of the hydroxy-ketone (0-50 g.) with the 
hydride (0-50 g.) in ether (50 ml.) gave a solid (0-50 g.), m. p. 105—118°, which was separated 
into two, apparently stereoisomeric, diols which severally crystallised from light petroleum 
(b. p. 60—80°) containing a little ethyl acetate in plates, m. p. 137—137-5° (Found: C, 72-9; H, 
11-2. C,,H,,O, requires C, 72-7; H, 11-1%), and in prisms, m. p. 126—127° (Found: C, 72-7; 
H, 10-8%). A mixture of the two diols melted at 108—116°. These compounds were shown, 
by infrared analysis, to contain both free and intramolecularly hydrogen-bonded hydroxy] 
groups. 


We thank the Department of Scientific and Industrial Research for a maintenance grant 
to B. G. H. 


MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY, 
MANCHESTER, 1. (Received, February 24th, 1961.] 





747. The Preparation of Novel Decalin Derivatives from 
108-(1,2-Dihydroxyethyl)-trans-18-decalol. 


By G. BADDELEY and J. W. RASBURN. 


The above named triol, as its isopropylidene derivative, was oxidised to 
the tvans-l-decalone from which 9-(1,2-dihydroxyethyl)-cis-decalin was 
obtained by Wolff—Kishner reduction and subsequent acid hydrolysis. This 
change of configuration was observed again when the trans-1-decalone (VI) 
was condensed with ethane-1,2-dithiol. Other derivatives of cis- and trans- 
decalin are described (see V and IX —» XII). 


PREvious work ! on the products of oxidation of 108-vinyl-trans-decalin 16,1’-oxide, the 
primary product of the interaction of decalin and a Friedel-Crafts acetylating agent, 
included the isolation of 108-(1,2-dihydroxyethyl)-trans-18-decalol (I) and its isopropylidene 
derivative (II). Our previous communications have been concerned only with those 
derivatives of trans-decalin which were involved in the determination of the structure of 
the oxide; we now report the preparation of other novel derivatives of both cis- and 
trans-decalin from the isopropylidene derivative (II). 

Compound (II), a ¢vans-18-decalol, with chromium trioxide in pyridine gave, almost 
quantitatively, the corresponding trans-decalone (III) from which the isopropylidene 
derivative (IV) of 9-(1,2-dihydroxyethyl)-cis-decalin was obtained by the Huang-Minlon 
modification of the Wolff—Kishner reduction. The structure of the decalone (III) was 
established by showing that with lithium aluminium hydride it regenerated the trans- 
decalol (II), while that of the product (IV) was determined as follows: acid hydrolysis gave 
a glycol, which with periodic acid gave formaldehyde and an aldehyde, C,,H,,0, from 
which cis-decalin-9-carboxylic acid? was obtained by oxidation with permanganate. 


1 Baddeley, Heaton, and Rasburn, J., 1960, 4713. 
2 Dauben and Rogan, J. Amer. Chem. Soc., 1957, '79, 5002; Haworth and Turner, /., 1958, 1240. 
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These transformations, therefore, had provided the novel compounds, 9-(1,2-dihydroxy- 
ethyl)-crs-decalin (VIII) and 9-formyl-cis-decalin (XII). The .change of configuration of 
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the decalin moiety in the Wolff—Kishner reduction (III —» IV) is not unexpected. A 
recently reported example of a similar change (see XIII —» XIV) occurred in the stereo- 
selective total synthesis * of oestrone. 


MeO OMe 





(XIV) 


Having previously prepared 9-1’-hydroxyethyl-trans-decalin,* we have now, for com- 
parison, prepared the cis-isomer (XI) by treating the aldehyde (XII) with methyl- 
magnesium iodide. . 

Acid hydrolysis of the isopropylidene derivative (III) and acetylation of the product 
gave a compound, C,,H,,0;, which is 10-(1,2-diacetoxyethyl)-trans-1-decalone (VI) since 
alkaline hydrolysis of the product of its reaction with potassium borohydride gave the 
trans-decalol (I). Interaction of the decalone (VI) and ethane-1,2-dithiol in glacial acetic 
acid containing zinc chloride involved a configurational change since the resulting 
crystalline thioketal (see VII) gave the cis-decalin derivative (VIII) when desulphurised 
with Raney nickel. Comparable configurational changes in thioketal formation are well 
known, é.g., 58- and 5a-cholestan-4-one give the same thioketal from which 5a-cholestane 
is obtained by desulphurisation. Applying views previously expressed by Djerassi and 
(sorman ® we suggest that the condensation is suitably represented by the annexed scheme. 

3 Cole, Johnson, Robins, and Walker, Proc. Chem. Soc., 1958, 114. 


* Baddeley and Wrench, /J., 1959, 1324. 
* Djerassi and Gorman, J]. Amer. Chem. Soc., 1953, 75, 3704. 
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If the nucleophilic displacement (N) is hindered, elimination (E) may intervene and result 
in thioketal formation with change of configuration. The condensation of the decalone 
(III) with ethane-1,2-dithiol by means of the boron trifluoride-ether complex as catalyst 
did not give a solid product; the reaction was not studied further. 

Reduction of the diacetate (VI) with lithium aluminium hydride afforded the triol (V) 
which is stereoisomeric with (I). It is noteworthy that the transfer of hydride ion from 
lithium aluminium hydride to Cq) occurred at the «-position for the isopropylidene deriv- 
ative (III) and at the 8-position for the diacetate (VJ). Since it occurred at the «-position 
for the ketone (VI) when potassium borohydride was used, we suggest that lithium alumin- 
ium hydride attacked first the ester groups of (VI) and thereafter reduced the carbonyl 
group at C,,) intramolecularly. The trans-1«-decalol (V) thus obtained gave 108-formy]l- 
(IX) and 108-hydroxymethyl-trans-la-decalol (X) by reaction with periodic acid and 
lithium aluminium hydride successively. 

The decalol (II) and thionyl chloride (1 mol.) in benzene and pyridine at 0° afforded 
only the sulphite ester of the decalol. Attempts to prepare the toluene-f-sulphonate by 
reaction with toluene-f-sulphony] chloride in pyridine at room temperature during several 
days and for 2 hours at 100° gave only unchanged decalol. 





ce 6 





EXPERIMENTAL 


108-(1,2-Isopropylidenedioxyethyl)-trans-l-decalone (I11).—The isopropylidene derivative 
(II) ? (3-3 g.) of 108-(1,2-dihydroxyethyl)-‘vans-18-decalol, in pyridine (15 ml.), was added 
dropwise to a stirred mixture of chromium trioxide (4-0 g.) and pyridine (50 ml.). After a week 
at room temperature, the mixture was added to ice (200 g.), and the excess of oxidant was 
destroyed with sulphur dioxide. The isopropylidene derivative (III) separated and crystallised 
from light petroleum (b. p. 60—80°) in plates (2-9 g.), m. p. 107° (Found: C, 71-3; H, 9-6. 
C,;H,4O; requires C, 71-4; H, 9°5%), vmax, at 1714 (cyclohexanone), 1368, 1242, 1215, 1065, and 
1046 cm... Apart from the first, all these bands are given also by compound (II). The 
product (III) (34 mg.) was refluxed with lithium aluminium hydride (250 mg.) in ether (50 ml.) 
for 1-5 hr. The excess of hydride was destroyed with ethyl acetate and the mixture was added 
to n-sodium hydroxide (50 ml.). The organic layer was separated, dried (K,CO,), and 
evaporated. The light petroleum extract of the’ residue gave compound (II) (15 mg.), m. p. 
and mixed m. p. 120—121°. 

9-(1,2-Dihydroxyethyl)-cis-decalin (VIII).—The isopropylidene derivative (III) (0-60 g.), 
100%, hydrazine hydrate (1-5 ml.), potassium hydroxide (1-5 g.), and diethylene glycol (15 ml.) 
were heated under a short air-condenser. In 9 hr. the temperature rose from 150° to 190°, 
and the mixture was heated for a further 9 hr. at 190—195°, then allowed to cool. After 
addition of water (50 ml.) and 2n-sulphuric acid (50 ml.) the mixture was immediately extracted 
with ether, the extract was dried (K,CO,), and the solvent was removed. The residual pale 
yellow oil was heated with water (1 ml.), dilute sulphuric acid (0-5 ml.), and ethanol (15 ml.) on 
the steam-bath for 2 hr. and the ethanol was removed under reduced pressure. The residue 
gave the diol (VIII) (0-45 g.) which crystallised from light petroleum in needles (0°35 g.), m. p. 
101—102° (Found: C, 72-8; H, 11-2. C,,H,.O, requires C, 72-7; H, 111%), vmax, 3360 
(hydrogen-bonded OH), and 1450 and 1467 (cis-decalin) * cm.1. The same compound was 
obtained in similar yield when the potassium hydroxide was added only after the other com- 
ponents had been heated together for 3 hr. at 140—150°. 
* Baker, Minckler, and Hussey, J. Amer. Chem. Soc., 1959, 81, 2379. 
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9-Formyl-cis-decalin (XII).—A mixture of the above diol (49 mg.) and 0-206m-periodic acid 
(1-5 ml.) in ethanol (2-5 ml.) was kept at room temperature for 3 days. Water (20 ml.) and 
excess of sodium hydrogen carbonate solution (5%) were added and the mixture was extracted 
with ether. The extract was dried (MgSO,) and gave formaldehyde and the required com- 
pound as an oil of camphor-like odour. The 2,4-dinitrophenylhydrazone separated from 
methanol-ethyl acetate (1: 1) in orange-yellow needles, m. p. 163—164° (Found: C, 58-9; H, 
6-8; N, 16-3. C,,H,.N,O, requires C, 59-0; H, 6-4; N, 16-2%). In a further experiment, 
the crude 9-formyl-cis-decalin from the diol (0-60 g.) was heated with water (30 ml.) and 40% 
sodium hydroxide solution (0-5 ml.) on the steam-bath and vigorously stirred while potassium 
permanganate (1-2 g.) in hot water (35 ml.) was added until the permanganate colour persisted 
for several minutes. The manganese dioxide was separated and the filtrate was decolorised 
with a trace of sodium hydrogen sulphite and acidified with 2N-sulphuric acid. The ice-cold 
mixture gave cis-decalin-9-carboxylic acid ? which separated from aqueous ethanol in needles 
(0-32 g.), m. p. 120—121° (Found: C, 72-5; H, 9-8%; equiv., 182. Calc. for C,,H,,O,: C, 
72:5; H, 9-9%; equiv., 182) Admixture with trans-decalin-9-carboxylic acid,4 m. p. 132— 
134°, gave m. p. 85—105°. The methyl] ester, obtained by means of diazomethane, was an oil 
of ginger-like odour which did not afford the amide when heated with concentrated ammonia 
solution (d 0-880). 

9-1’-Hydroxyethyl-cis-decalin (X1).—9-Formy]l-cis-decalin from the diol (VIII) (0-31 g.) was 
added, in ether (20 ml.), to the Grignard reagent prepared from magnesium (0-3 g.), methyl 
iodide (1 ml.), and ether (40 ml.). The mixture was refluxed for 2 hr., cooled, and decomposed 
with saturated ammonium chloride solution (15 ml.). The organic layer was dried (K,CO,) and 
gave the required compound as an oil of camphor-like odour; it gave the «-naphthylurethane 
(0-33 g.), m. p. 154-5—155-5° (Found: C, 78-6; H, 8-4; N, 4:3. C,,;H,NO, requires C, 78-6; 
H, 8-3; N, 4:0%). A mixture of this derivative and the a-naphthylurethane, m. p. 161—162°, 
of 9-1’-hydroxyethyl-trans-decalin * melted at 133—142°. 

108-(1,2-Diacetoxyethyl)-trans-1-decalone (V1).—The isopropylidene derivative (ITI) (1-37 g.), 
ethanol (15 ml.), water (9-5 ml.), and 2N-sulphuric acid (0-5 ml.) were heated on the steam-bath 
for 1-5 hr. Most of the ethanol was evaporated under reduced pressure and a gum, which was 
moderately soluble in water and insoluble in light petroleum, was isolated. It was kept in 
acetic anhydride (5 ml.) in pyridine (10 ml.) and at room temperature for 2 days and then 
heated at 100° for 1 hr. Addition of 2N-sulphuric acid (150 ml.) to the cooled mixture gave 
the required diacetate, needles (0-75 g.) (from aqueous ethanol), m. p. 136-5—137-5° (Found: C, 
64-9; H, 8-2. C,,H,,O,; requires C, 64-9; H, 8-1%), vmax (in Nujol) 1730 (OAc), 1703 (CO of 
cyclohexanone), and 1238 cm.1. In another experiment, compound (III) (2-0 g.) was heated 
in glacial acetic acid (10 ml.) containing 2N-hydrochloric acid (0-4 ml.) at 100° for 1 hr. and then 
under reduced pressure until the volume was halved. Acetic anhydride (5 ml.) was added and 
the mixture was heated at 100° for 3-5 hr. The product obtained by addition of water (50 ml.) 
was washed with water and crystallised from aqueous alcohol in needles (1-75 g.), m. p. and 
mixed m. p. 136—137°. 

Interaction of the Diacetate (V1) and Potassium Borohydride.—A solution of the borohydride 
(0-1 g.) and 2n-sodium hydroxide solution (0-1 ml.) in water (2 ml.) was gradually added to the 
diacetate (VI) (0-10 g.) in methanol (5 ml.). After 2 hr. at room temperature, the mixture was 
warmed for 5 min. to complete the reduction. Alkaline hydrolysis of the product gave a gum 
from which 108-(1,2-dihydroxyethyl)-tvans-1$-decalol 1 (I) (2 mg.), m. p. and mixed m. p. 155— 
156°, was obtained. The low yield of product (I) was caused by incomplete hydrolysis and a 
better yield was obtained by further hydrolysis of the recovered material. 

108-(1,2-Dihydroxyethyl)-trans-la-decalol (V).—This compound was obtained as needles 
(0-75 g.),m. p. 180—181°, from ethyl acetate (Found: C, 67-4; H, 10-4. C,,H,,O, requires 
C, 67-3; H, 10-4%), by reduction of the diacetate (VI) (1-5 g.) in tetrahydrofuran (50 ml.) with 
lithium aluminium hydride (1-6 g.) in ether (90 ml.)._ Unlike the stereoisomeric triol (I), it does 
not readily form an isopropylidene derivative. 

108-Formyl-trans-l«-decalol (IX).—This compound was obtained as an oil when the triol 
(V) was oxidised with periodic acid. The 2,4-dinitrophenylhydrazone was obtained as orange 
plates, m. p. 156—157°, from aqueous ethanol (Found: C, 56-2; H, 6-3. C,,H,.N,O; requires 
C, 56-35; H, 6-1%). 

108-Hydroxymethyl-trans-la-decalol (X).—This diol was prepared by the reduction with 
lithium aluminium hydride of compound (IX) obtained by the oxidation of the triol (V) (0-20 g.) 

6K 
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with periodic acid. It separated from ethyl acetate-light petroleum in needles (0-10 g.), m. p. 
107—107-5° (Found: C, 71-9; H, 10-9. C,,H,,O, requires C, 71-7; H, 10-9%). A mixture 
with the isomeric diol 108-hydroxymethyl-trans-1$-decalol,! m. p. 110°, melted at 80—82°. 
The infrared analysis of compound (X) showed intramolecular hydrogen bonding to be absent. 

The Ethylene Thioketal (VI) of the Keto-diacetate (V1)—A mixture of the keto-diacetate 
(1-60 g.), ethane-1,2-dithiol (1-3 g.), anhydrous zinc chloride (2-0 g.), anhydrous sodium sulphate 
(4g.), and glacial acetic acid (8 ml.) was kept at room temperature for 14 days, then shaken with 
ether (100 ml.) and an excess of 2N-sodium hydroxide. The ether extract was dried (K,CO,) 
and gave the required thioketal which separated from light petroleum in prisms (1-70 g.), m. p. 
120-5—121° (Found: C, 58-3; H, 7-7. C,gH,.0,S, requires C, 58-1; H, 7:°5%). Ina further 
experiment this compound was obtained as prisms, m. p. 93—94°, which did not depress the 
m. p. of the previous sample and gave this higher-melting form when melted and cooled. Both 
experiments gave also a substance (ca. 1%), m. p. 117—118° (Found: C, 57-4; H, 7-2. 
C,,H,,0,S, requires C, 58-1; H, 7-5%), which was almost insoluble in ether and ethanol and 
was only slightly soluble in dimethylformamide. 

Desulphurisation of the Thioketal (VI1).—This compound (0-50 g.), m. p. 120—121°, with 
Raney nickel (ca. 10 g.) and ethanol (100 ml.) was vigorously stirred and refluxed for 9 hr. 
The liquid phase was separated and reduced to a small volume (15 ml.) by evaporation. 40% 
Sodium hydroxide solution (3 ml.) was added, the mixture was heated on the steam-bath for 
2 hr., and most of the alcohol was removed under reduced pressure. Water (30 ml.) was added 
and the mixture was extracted with ether. The extract was dried (K,CO,) and gave 10-(1,2- 
dihydroxyethyl)-cis-decalin (VIII) (0-25 g.) as needles, m. p. and mixed m. p. 101—102°, from 
light petroleum. 

Interaction of the Isopropylidene Derivative (Il) and Thionyl Chloride.—Redistilled thionyl 
chloride (0-55 g.) was slowly added during 20 min. to a cold (0°) solution of compound (II) 
(1-0 g.) in pyridine (5 ml.) and benzene (10 ml.). The mixture was decomposed with ice and 
water, and the product was extracted with ether. The extract was washed successively with 
dilute acetic acid, water, sodium hydrogen carbonate solution, and water, and the solvent was 
removed at room temperature under reduced pressure. The product crystallised from light 
petroleum as prisms (0-3 g.), m. p. 154-5—155° (Found: C, 64:9; H, 8-7. C3 ,H,;,O,S requires 
C, 65-0; H, 9-0%). It was shown, by a mixed m. p., not to be the triol (I), m. p. 155—156°; 
it does not contain halogen and is established as the sulphite of compound (II) since it gave the 
triol (I) as plates, m. p. and mixed m. p. 155—156°, on hydrolysis with dilute acid and then 
with alkali. The infrared spectrum (in CS,) has a strong absorption band at 1210 cm." (S=O).? 





THE MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY, 
MANCHESTER, l. [Received, March 20th, 1961.] 


7 Bellamy, “‘ The Infra-red Spectra of Complex Molecules,’’ Methuen, London, 1954. 





748. The Fries Rearrangement of p-Tolyl Acetate Catalysed by 


Zirconium Tetrachloride and Stannic Chloride. 
By N. M. CuLLinane, R. A. WooLnouseE, and B. F. R. Epwarps. 


The rearrangement of p-tolyl acetate in homogeneous nitrobenzene 
solution, catalysed by zirconium tetrachloride and stannic chloride, has 
been studied. The reaction is fastest when two mol. of the former and one 
of the latter catalyst are used. The catalytic activities of titanic chloride, 
aluminium chloride, zirconium tetrachloride and stannic chloride have been 
compared for this isomerisation. 


THE rearrangement of #-tolyl acetate to 2-hydroxy-5-methylacetophenone has been 
examined for nitrobenzene solutions under the catalytic influence of titanium tetrachloride ! 
and aluminium chloride,” and now of zirconium tetrachloride and stannic chloride. The 
zirconium halide does not appear to have been previously used as a catalyst in the Fries 


' Cullinane and Edwards, ]., 1957, 3016. 
2 Cullinane, Edwards, and Bailey-Wood, Rec. Lvav. chim., 1960, 79, 1174. 
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reaction; it has the advantage that it is readily soluble in organic solvents. This applies 
also to stannic chloride which has been used by D’Ans and Zimmer to catalyse the 
rearrangement of l-naphthyl acetate to 2-acetyl-l-naphthol. 

The reaction is of approximately first order and is interpreted as being mainly intra- 
molecular, the hydroxy-ketone being formed from the catalyst-ester complex (a) by a 
direct intramolecular shift and (b) by scission into an ion-pair composed of acetylium and 
phenoxymetal chloride ions which then react to form the ketone. The claim by Zimmer 
and Eibeck > that an ion of the form R-CO* cannot be involved in the Fries reaction is 
based on the results they obtained by treating 1-naphthyl pivalate with stannic chloride, 
which gave the normal rearrangement product, 2-pivaloyl-l-naphthol. They point out that 
the ion Me,C-CO* is known to decompose readily into Me,C* and carbon monoxide. While 
experiments carried out by Rothstein and his co-workers ® show that pivaloyl chloride 
(and other tertiary acid chlorides) with benzene gives, not a ketone, but a hydrocarbon 
produced by loss of carbon monoxide, the ion Me,C* being obtained and not Me,C-CO"*, 
nevertheless they also note that when the aromatic component is an active one such as 
anisole (and therefore phenol also) the tertiary acid chloride yields almost exclusively the 
ketone, and not the hydrocarbon; hence the claim of Zimmer and Eibeck cannot be 
sustained. 

The rearrangement goes to completion at all the temperatures studied, the rates 
increasing with the temperature. Yields of ketone of approximately 90% were obtained 
in all the runs (see Table 1). The effect of the amount of zirconium tetrachloride used on 
the reaction rate is shown in the Table; this increases with the catalyst-ester molar ratio 
to a maximum of 2, the results obtained with 2 and 3 mol. being very similar; this is also 
the case with titanic and aluminium chloride. Our results may be compared with the 
observations of Furka and Széll’? who claim that the rate of disappearance of thymyl 
acetate in nitrobenzene, catalysed by aluminium chloride, is greater for a catalyst-ester 
ratio of 1-5: 1 than for one of 3:1. However, in our experiments we find, as expected, 
that the rate of disappearance of p-tolyl acetate when 1-5 mol. of zirconium tetrachloride 
are used is intermediate between those observed when 1 and 2 (or 3) mol. are present. In 
the stannic chloride-catalysed reaction we find similar results when 1 and 2 mol. of the 
halide are used. 

As already suggested for the aluminium chloride-catalysed rearrangement of 1-naphthyl 
acetate,* the zirconium tetrachloride is here considered to form two complexes with the 
ester, CsH,Me-OAc,2ZrCl, and C,H,Me*OAc,ZrCl,. In the stannic chloride-catalysed 
rearrangement the rate curves are typical of a first-order reaction and the reaction goes to 
completion with all the proportions of catalyst and ester studied. These facts could be 
explained in two ways: (a) the stannic chloride is a true catalyst and is regenerated during 
the course of the reaction; thus its concentration would not alter as the reaction proceeded 
and the rate would have a first-order dependence on the ester concentration alone: (d) 
the catalyst and ester form a complex, rearrangement of which follows first-order kinetics, 
and is rate-determining. If the former interpretation were true the reaction rate should 
increase regularly with increasing concentration of the stannic halide. It is true that the 
rate does increase as the catalyst : ester ratio increases from 0-5:1 to 1:1, but not on 
further increase in the ratio. Hence this explanation cannot be correct. Considering 
(5), we note that the maximum rate is achieved with a catalyst : ester ratio of 1:1. This 
suggests that the intermediate complex has the formula CgH,Me*OAc,SnCl, (I). If this 
were the only possible intermediate we should expect that on halving the catalyst concen- 
tration the initial rate would also be halved since only half the initial amount of complex 
would be formed; and if the catalyst were not regenerated only half the total ester would 


3 D’Ans and Zimmer, Chem. Ber., 1952, 85, 585. 

* Cf. Cullinane and Bailey-Wood, Rec. Tvav. chim., 1959, 78, 440. 
5 Zimmer and Eibeck, Naturwiss., 1958, 45, 263. 

® Cf. Grundy, Hsii, and Rothstein, /., 1958, 581. 

? Furka and Széll, J., 1960, 2312. 
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react. In fact the initial rate is not halved and the reaction goes to completion. This 
must mean that another intermediate, 2C,H,Me-OAc,SnCl, (II), can be formed and that 
this rearranges more slowly than complex (I). That there is no appreciable increase in 
rate with a catalyst: ester ratio greater than 1:1 indicates that complexes such as 
CgH,Me-OAc,2SnCl, are not possible. Moreover if the 0-5:1 catalyst: ester complex 
were the only possible one then increasing the stannic chloride : ester ratio above 0-5 
would not affect the rate unless the stannic halide complex acted as a true catalyst, a 
possibility already excluded. Hence we conclude that, in nitrobenzene, stannic chloride 
and f-tolyl acetate give two complexes, (I) and (II), and that the difference in the reaction 
rates is due to the differing reactivities of these complexes. 

Varying the volume of solvent is seen from the Table to have very little effect on the 
rate of reaction. 

In our experience some phenol is always isolated; this was not taken into account by 
Furka and Széll. While it is true that very little phenol is left at the end of the reaction 
yields of up to 20% are obtained in the shorter runs. 

The effect of the addition of acetyl chloride on the aluminium chloride-catalysed 
rearrangement of thymyl acetate has been shown by Furka and Széll to increase the rate 
of formation of the ketone; a similar effect has been observed in the isomerisation of 0-tolyl 
acetate by titanic chloride.’ This is due to the hydrogen chloride here liberated since it is 
known ® to accelerate the reaction. Moreover, addition of acetyl chloride increases the 
concentration of acetylium ion and thereby influences the rate of formation of the ketone 
resulting from the combination of the acylium and phenoxide components; for instance, 
in the reaction between titanium tetrachloride and o-tolyl acetate addition of acetyl 
chloride increases the ketone formation while reducing the amount of phenol.® Further, 
as pointed out by Furka and Széll, acyl chloride, phenol, and hydroxy-ketone all form com- 
plexes with the catalyst, and so addition of acetyl chloride will alter the quantity of catalyst 
available for the rearrangement proper. It has also been suggested ® that the acyl chloride 
introduced may cause direct acylation of the ester nucleus or react with the hydroxyl 
group of the ketone, forming a ketone ester; however, in all the reactions we have examined, 
not more than traces of ketone ester have been found. 

When thymol is added in the thymyl] acetate rearrangement it decreases the reaction 
rate. This could be caused by formation of a complex by the phenol and catalyst, diminish- 
ing the amount of the latter available for the rearrangement. The effect is very slight when 
3 mol. of aluminium chloride are employed; here presumably there is sufficient catalyst 
for all purposes. 

A comparison of the relative efficiencies of the four catalysts is shown in the Table: 
titanic chloride is more active than aluminium chloride, which possesses similar activity 
to zirconium tetrachloride; stannic chloride is the least active. Antimony trichloride 
and pentachloride are only very slightly active.. (Titanic chloride has been observed to be 
more active than aluminium chloride also in the rearrangement of o0-tolyl acetate.®) 

The velocity constants at 40°, 50°, and 60° and the activation energies for the overall 
reaction are given below. Values for titanic ! and aluminium chloride ? have already been 
published. , 

Isomerisation of p-tolyl acetate (0- 1 mole) by catalyst (0-2 mole). 
(k in 10° sec.1; E in kcal. mole.) 


PhNO, (c.c.) Catalyst ho Rso Reo E 
150 ZrCl, 1-5 5-0 13-5 22-5 
100 SnCl, 1-07 2-4 5-65 17-5 


Experimental.—Materials were purified by standard methods; Johnson and Matthey’s 
zirconium tetrachloride was used direct; the products obtained from Magnesium Elektron, 
Ltd., and Peter Spence and Sons, Ltd., were somewhat less effective. 


8 Cullinane, Evans, and Lloyd, J., 1956, 2222. 
® Széll and Furka, J., 1960, 2321. 
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is The rearrangement was carried out and the products separated and analysed in a similar 
it manner to the aluminium chloride-catalysed reaction. Results are in Table 1. 

n 
1S TABLE 1. Rearrangement of p-tolyl acetate. 
>X p- Ester p- Ester 
l Ketone Cresol recovd. PhNO, Ketone Cresol recovd. PhNO, 
, (% (%) (%) (c.c.) (%) (%) (%)  (c-c.) 
a 
le (a) Ester, 0-1 mole; catalyst, 0-2 mole. (c) Ester, 0-1 mole; at 60°. 
yn TiCl, (6hr., 60°) 87-7 4-1 0-2 150 TiCl, 
(I3hr.,50°) 91-5 32 00 150 (0-lmole,6hr.) 47-2 120 325 200 

ZrCl, (9-5 hr., 60°) 86-0 71 0-0 300 (0-2 mole, 6 hr.) 87-3 4-9 0-3 200 
ne (26 hr., 50°) 81-3 12-4 0-0 300 (0-3 mole, 6 hr.) 87-6 4:0 0:5 200 

SnCl, (18 hr., 60°) 78-4 9-5 25 100 ZrCk 

(48 hr., 50°) 80-2 7:8 1-6 100 (0-1 mole, 6 hr.) 41-1 13-4 42-9 300 
vy z . (0-15 mole,6hr.) 599 17:9 180 300 
on (b) Ester, 0-1 mole; catalyst, 0-2 mole; at 60°. (0-2 mole, 6 hr.) 15-4 13-5 5l 300 
TiCl, (6 hr.) 876 36 03 100 (0-3mole,6hr.) 751 138 58 300 
87-7 41 O2 150 SnCl 
ed 87:3 4-9 0-3 200 (0-05 mole, 18 hr.) 52-7 14-8 16-9 100 
te ZrCl, (4 hr.) 66-3 14-2 12-9 150 (0-1 mole, 18hr.) 74-6 9-5 2-6 100 
“¥ 68-8 15-3 13-7 300 (0-2 mole, 18hr.) 78-4 8-7 2-5 100 
yl SnCl, (18 hr.) 78-4 $7 25 100 
is 74-8 9-1 2-3 150 (d) Ester, 0-1 mole; catalyst, 0-2 mole; 4 hr. at 60°. 
he 74:8 10-2 29 200 °# TiCl, 81:3 55 “4:5 150 
AlCl, 67-6 16-9 17-0 150 
ne ZrCl, 66-3 14-2 12-9 150 
.e, . SnCl, 33-4 140 443 150 
‘yl . ‘ ‘ P , 
: We thank Peter Spence and Sons, Ltd., for a gift of zirconium tetrachloride; two of us 
(R. A. W. and B. F. R. E.) are indebted to the University of Wales for the award of Post- 
“dl graduate Studentships. 
‘ 
de UNIVERSITY COLLEGE, CATHAYS PARK, CARDIFF. (Received, March 9th, 1961.} 
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od, 749. The Double Methopicrates of Certain Heterocyclic Tertiary 
” Amines. 
sh- By FREDERICK G. MANN and F. C. BAKER. 
en 
vst The methiodides of the heterocyclic tertiary amines listed in the Table, 
sie when added in solution to a similar solution of sodium picrate, may be 
hes converted into the normal methopicrates of type (I), or into double metho- 
va : picrate—sodium picrates of type (II). The latter salts vary widely in stability: 
ity some can be recrystallised from certain solvents but undergo conversion 
ide into the simple methopicrates in other solvents. The double methopicrate— 
be sodium picrate of 4-methylpyridine has exceptional stability and can be 
recrystallised from acetic acid. 
rall The methiodides, when similarly added in solution to picric acid, usually 
en afford the normal methopicrates (I). 4-Methylpyridine methiodide, how- 
ever, gives both the methopicrate and a highly stable double methopicrate— 
hydrogen picrate of type (III). 
The conditions of formation and the stability of these salts have been 
examined in detail. 

TERTIARY amines are frequently characterised as their crystalline methiodides or metho- 

toluene-f-sulphonates. The methiodides of some amines, particularly the more complex 
2y’s heterocyclic amines, are sometimes obtained as viscous products which are difficult to 
on, crystallise: in such cases, the methiodides are often treated in aqueous or alcoholic solution 

with a similar solution of picric acid or sodium picrate, in order to precipitate the metho- 
picrates, which can usually be readily recrystallised, have reasonably sharp m. p.s, and 

(unlike the methiodides) only rarely have solvent of crystallisation. 
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We find, however, that with heterocyclic amines the use of sodium picrate in this 
reaction may prove misleading, for whereas the use of picric acid usually gives the 


[B*Me]C,H.N,O, [B*Me]C,H,N,O,,NaC,H,N,O, [B*Me]CyHN,O,,CgHgN;O, 
(1) (II) (IIT) 


normal methopicrate (I; where B is the base), the use of an excess of sodium picrate 
may give a crystalline double methopicrate—sodium picrate (II). The formation of pyridine 
methopicrate-sodium picrate has been briefly noted by Krollpfeiffer and Braun,} but all 
the heterocyclic amines which we have investigated (see annexed Table) afford these double 
methopicrate-sodium picrates, and their formation may therefore be reasonably (and 
unexpectedly) general. 


B {B-Me}L [B-Me]C,H,N,O, [B-Me]C,H,N,O,,CgH,N,NaO, 
PIII, Nnnisinachcaccivemiapecnsces 118° 117° 216—219°«%¢ 
2-Methylpyridine ............... 229 113 211—21244¢ 
3- la. ededuienenanned 99—100 120 169—172 «4 
4- ‘obeme 150 151 21644 
SRE | cscasaccvacensecenisvnes 134 169 204—206°4.¢ 
BED, avnssenssvciceivtessates 194 141 219—220 %<.4 
RII Nckacincessecssnssniasseuns 174 161 205—206 4. ¢f 
ED  -cveiiaccdsviionsicars 159 169 218—236 4.¢f 


«%¢ Recrystallises unchanged from water, MeOH, and EtOH respectively. 
4,¢$ Gives normal methopicrate on recrystallisation from water, MeOH, and EtOH respectively. 


The stability of the double methopicrate-sodium picrates (II) varies widely: the 
double picrate of pyridine can be recrystallised unchanged from water, methanol, or 
ethanol; that of quinaldine crystallises unchanged from methanol or ethanol, but from 
water deposits the normal methopicrate (I); that of quinoline is unchanged from ethanol, 
but deposits the methopicrate from water or methanol; that of lepidine deposits the 
methopicrate (I) from each of these solvents. The double sodium picrate of 4-methyl- 
pyridine has a remarkable stability, as it can be recrystallised unchanged, not only from 
the above solvents, but even from acetic acid. 

The sparing addition of a sodium picrate solution to a methiodide solution in the 
same solvent may initially give a deposit of the normal methopicrate (I), but the increasing 
addition of the sodium picrate solution may contaminate the methopicrate (I) with the 
double sodium picrate (II), or even convert the deposited methopicrate completely into 
the double salt. 

A methiodide is, therefore, best converted into the corresponding methopicrate by 
adding an aqueous or ethanolic solution of the methiodide to a similar solution of picric 
acid at suitable concentrations. (Some methopicrates have a high solubility in methanol, 
which in general should not be used as a solvent.) We have encountered, among amines 
listed in the Table, only two to which this conversion by picric acid into the methopicrate 
does not always apply. If pyridine methiodide is treated in aqueous solution with 
picric acid under special conditions, a crystalline double methopicrate-hydrogen picrate 
(III), m. p. 60—62°, can be isolated: this salt can be recrystallised from a saturated 
ethanolic solution of picric acid, but is readily converted into the normal methopicrate 
(I), m. p. 117°, on attempted crystallisation from water or ethanol. Since it is unlikely 
to be encountered under normal conditions, and is so readily broken down, it can usually 
be ignored. 

We find, however, that although the addition of 4-methylpyridine methiodide in 
concentrated aqueous solution to a moderate quantity of aqueous picric acid rapidly 
deposits the methopicrate (I), m. p. 151°, the addition of the methiodide in more dilute 
solution causes the slower separation of the double methopicrate—hydrogen picrate (III), 
m.p. 113°. This process may occur if the total amount of picric acid available is insufficient 


1 Krollpfeiffer and Braun, Ber., 1936, 69, 2523. 
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for complete conversion even into the normal methopicrate (I), and a portion of the 
methiodide therefore remains unchanged in solution (p. 3849). This hydrogen double 
picrate (III), unlike that in the pyridine series, has considerable stability and may be 
recrystallised unchanged from water or from ethanol. 

4-Methylpyridine is, therefore, outstanding in its capacity to form stable double 
picrates with sodium picrate and with picric acid. 

The amines listed in the Table were carefully but not exhaustively purified before 
use. Only pyridine and the three picolines require long and very thorough treatment 
for high purification. We are consequently greatly indebted to Dr. A. I. Vogel for samples 
of pure 2- and 4-methylpyridine,? and to the National Chemical Laboratory for samples 
(each of at least 99-8°% purity) of pyridine and the three picolines. We have repeated 
with these samples the preparation of the methiodides, methopicrates (I), and double 
methopicrates-sodium picrates (II), but the m. p.s of these pure derivatives were (with 
one minor exception) identical with those of our previous compounds. Therefore, if our 
earlier samples of these four amines had been contaminated with traces of similar (or, 
in the picolines, isomeric) bases, the corresponding derivatives of these impurities must 
have been readily eliminated during recrystallisation. 


EXPERIMENTAL 


In the case of each amine, the reaction of its methiodide with sodium picrate in aqueous, 
methanolic, and ethanolic solution is recorded first, with the stability of the products on 
attempted recrystallisation from these solvents, and then the reaction of the methiodide with 
picric acid in the above solutions. The solutions of sodium picrate and of picric acid in the 
above solvents were saturated solutions at room temperature throughout, unless otherwise 
stated. 

All compounds were yellow unless otherwise described. Certain compounds gave consistent 
m. p.s only if immersed in a preheated bath: in such cases, the temperature of immersion is 
given as (T.I. °) immediately after the m. p. 

Pyridine.—The base, of “‘AnalaR ”’ quality, was converted into the colourless methiodide, 
m. p. 118° (lit.,* 118°), from ethanol. 

(a) Sodium picrate. (1) An aqueous solution of the methiodide, added to an excess of 
sat rated aqueous sodium picrate, deposited crystals of the double picrate (II), which when 
collected, washed with a small quantity of water, and dried, had m. p. 211—219°, increased 
to 216—220° (lit.,1 210—-211°) by recrystallisation from water (Found: C, 37-8; H, 2-1; N, 17-2. 
Calc. for C,,H,)N,O;,C,H,N,NaO,: C, 37-7; H, 2-1; N,17-1%). This salt, when recrystallised 
from ethanol, had m. p. 212—220°. 

(2) Repetition in methanolic solutions gave no deposit because of the high solubility of 
the product, but in ethanolic solutions, the double picrate, m. p. and mixed m. p. 215—218°, 
was deposited. This double picrate had m. p. 219° when prepared from highly purified pyridine 
(cf. above). . 

(b) Picric acid. (1) The products of this reaction in aqueous solution varied with the 
conditions. When, however, a solution of the methiodide (0-5 g.) in cold water (10 c.c.) was 
added to solution of picric acid (1-2 g., 2-3 mol.) in warm water (40 c.c.) and set aside overnight, 
large needles, m. p. 64—82°, presumably a mixture, were deposited. The filtrate, on chilling, 
gave crystals, m. p. 60—62° after thorough drying in a vacuum-desiccator, of the hydrogen double 
picrate (III) (Found: C, 39-2; H, 2-4; N, 17-9. C,,H,)9N,O,,CsgH,;N,O, requires C, 39-2; 
H, 2-4; N, 17-8%). This picrate was unaffected by crystallisation from saturated ethanolic 
picric acid, but when once crystallised from ethanol, or twice from water, afforded the metho- 
picrate (I), m. p. 115—116°. 

(2) Addition of the methiodide (0-5 g.) in methanol (5 c.c.) to picric acid (1 g., 1-95 mol.) 
in hot methanol (20 c.c.) gave no deposit on cooling. The solution was evaporated at room 
temperature; the crude orange crystals when dried in vacuum had m. p. 48—50° and afforded 


2 Kyte, Jeffery, and Vogel, J., 1960, 4454, 
3 Schmidt, Arch. Pharm., 1905, 248, 583. 
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the hydrogen double picrate (III), m. p. 59—60°, on crystallisation from ethanolic picric acid 
(Found: C, 39-2; H, 2-3; N, 18-1%). 

(3) Addition of the methiodide to the acid, in ethanolic solutions, deposited the metho- 
picrate (I), m. p. 113—114° (crude), from ethanol, 117° (lit.,4 113—114°,5 114—115°) (Found: 
C, 44-9; H, 3:1; N, 17-6. Calc. for C,,H,)N,O,: C, 44-7; H, 3-1; N, 17-4%). 

When equimolecular quantities of the methopicrate (I) and picric acid were dissolved in 
ethanol and evaporated at room temperature, the heterogeneous residue, when thoroughly 
dried, had m. p. 58—92°. 

2-Methylpyridine.—The purified base gave the colourless methiodide, m. p. 229° (lit.,® 
224—-224-5°), from ethanol. 

(a) Sodium picrate. (1) Addition of the methiodide to a small excess of sodium picrate, 
both in aqueous solutions, gave the methopicrate (I), m. p. and mixed m. p. 111—112°. The 
use of a large excess of the acid gave the double picrate (II), m. p. 212—213°, unchanged by 
crystallisation from water, methanol, or ethanol (Found: C, 38-4; H, 2-4; N, 16-4; Na, 3-9. 
C,3H,.N,O,,C,H,N,NaO, requires C, 38-8; H, 2-4; N, 16-7; Na, 3-9%). To illustrate the 
effect of changing the proportion of reagents, sodium picrate (0-107 g., 0-5 mol.) in cold saturated 
aqueous solution was added to the methiodide (0-2 g.) also in concentrated aqueous solution: 
crystals of the methopicrate (I), m. p. 112°, were rapidly deposited. When the filtrate was 
treated with a similar solution of sodium picrate (0-428 g.), the double picrate (II), m. p. 204— 
210°, slowly separated. 

(2) Addition of the methiodide to an excess of sodium picrate, both in (a) methanol and 
(b) ethanol gave the double picrate (II), (a) m. p. 211—212°, (b) m. p. 212°. 

An aqueous solution of the methopicrate (I), when added to aqueous sodium picrate, de- 
posited the double picrate (II), m. p. 212—213°. 

(b) Picric acid. The methiodide in aqueous-ethanolic solution, when added to an excess 
of saturated ethanolic picric acid, deposited the methopicrate (I), m. p. 110—112° (crude), from 
ethanol, 113° (Found: C, 46-3; H, 3-8. Calc. for C,,H,,.N,O,: C, 46-4; H, 3-6%). Them. p. 
138—139° given by Giua and Giua ° is an error. 

3-Methylpyridine.—The base was purified by conversion into the zinc chloride derivative, 
which after four crystallisations from ethanol had the constant m. p. 146° (Found: C, 40-4; 
H, 4-4; N, 7-5. Calc. for 2C,H,N,HCI,Zn: C, 40-15; H, 4:2; N, 7-8%): the regenerated 
base boiled at 144—145°. Addition of the base (4 g.) to a mixture of methyl iodide (4 c.c.) 
and methanol (5 c.c.) under reflux caused gentle boiling: the whole was then boiled for 2 hr. 
and the solvents were removed. The solid residue, when crystallised from acetone, gave the 
colourless methiodide, m. p. 99—100°, unchanged by further crystallisation (Found: C, 35-9; 
H, 4-065; N, 6-0. C,H, IN requires C, 35-8; H, 4-3; N, 6-0%). After several hours’ exposure 
to the atmosphere, the salt slowly liquefied. 

(a) Sodium picrate. (1) Addition of the methiodide to a large excess of sodium picrate, 
both in aqueous solution, afforded the pale orange methopicrate (I), m. p. 118—120° (crude), 
unaffected by admixture with that in (3) below. 

(2) Repetition of this experiment, but with methanolic solutions, gave the double picrate 
(II), m. p. 165—168° (crude), from methanol 167—169°. 

(3) Repetition, but with ethanolic solutions, also gave the double picrate (II), m. p. 167— 
171° (crude), after crystallisation from ethanol, 169—172° (Found: C, 38-7; H, 2-4; N, 16-7. 
C,3;H,.N,0,;,C,H,N,;NaO, requires C, 38-8; H, 2-4; N, 16-7%). The pale yellow thread-like 
crystals, on crystallisation from water, deposited hard orange sand-like crystals, m. p. 120°, 
of the methopicrate (I) (Found: C, 46-7; H, 3-35. -C,,;H,.N,O, requires C, 46-4; H, 3-6%). 

(b) Picric acid. (1) When the methiodide was added to an excess of picric acid, in aqueous 
or in methanolic solutions, no crystals were deposited. 

(2) From ethanolic solutions, orange crystals of the methopicrate (I), m. p. 117—119°, 
unchanged by crystallisation from water, were slowly deposited in low yield (Found: C, 46-65; 
H, 3-65%). 

4-Methylpyridine.—The pure base gave colourless crystals of the methiodide, m. p. 149— 
150° (lit.,”? 149—150°), from ethanol. 


* Decker and Kaufmann, J. prakt. Chem., 1911, 84, 436. 
5 Giua and Giua, Gazzetta, 1921, 51, 314. 

6 Jones, J., 1903, 83, 415. 

7 Clemo and Gourlay, J., 1938, 478. 
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(a) Sodium picrate. (1) The addition of the methiodide to an excess of sodium 
picrate, both in aqueous solutions, gave the double sodium picrate (II), m. p. 214—216° 
(crude), recrystallised from water, 216° (Found: C, 38-8; H, 2-35; N, 16-6; Na, 3:7. 
C,3H,.N,O7,C,H,N,;NaO, requires C, 38-8; H, 2-4; N, 16-7; Na, 3-9%). 

(2) Repetition of experiment (1), but with (a) methanolic, (b) ethanolic solutions, gave the 
same product, m. p. and mixed m. p. 216°. The double picrate was also unaffected by re- 
crystallisation from methanol, ethanol (Found: C, 38-7; H, 2-3; N, 16-6%), or acetic acid 
(Found: C, 39-0; H, 2-3%). 

(b) Picric acid. (1) A concentrated aqueous solution of the methiodide, when added to 
a moderate quantity of saturated aqueous picric acid, gave a rapid deposition of the methopicrate 
(1), m. p. 151—152° unchanged by recrystallisation from water (Found: C, 46-2; H, 3-4. 
C,3;H,,N,O, requires C, 46-4; H, 3-6%). When a more dilute solution of the methiodide was 
rapidly added to a marked excess of the picric acid, the solution after a few minutes deposited 
the double hydrogen picrate (III), m. p. 110—113° (crude); crystallised from water or ethanol, 
this had m. p. 112° (Found: C, 40-44; H, 3-0; N, 17-55. C,,;H,.N,0,,C,H,N,O, requires 
C, 40-4; H, 2-7; N, 17-4%). A mixture of the salts (I) and (III) had m. p. 110—145°. 

That the nature of the product depends in this case on the proportion of the reagents is 
shown by four experiments in which the following weights of the methiodide were dissolved 
in water (1 c.c.) and added to cold, stirred saturated aqueous picric acid (5 c.c.); (i) 0-1 g., 
(ii) 0-2 g., (iii) 0-3 g., (iv) 0-35 g.: the product deposited had m. p. (i) 110—112°, (ii) 112—115°, 
(ili) 142—147°, (iv) 147—149°. The products from experiments (i) and (iv) are the almost 
pure hydrogen double picrate (III) and the methopicrate (I) respectively. To investigate 
experiment (i) in greater detail, the methiodide (0-1 g.), dissolved in water (1 c.c.), was again 
added dropwise (a) to the stirred saturated picric acid (5 c.c., 0-06 g. picric acid, 0-62 mol.), 
and the deposit collected; (b) the filtrate was again added to aqueous picric acid (5 c.c.) and 
after collection of the deposit; (c) the filtrate was added to more picric acid (10 c.c.), giving 
a third crop of deposit. Further addition of the filtrate to picric acid solution gave no deposit. 
The weights and m. p.s of the crops were: (a) 0-0506 g., 111—112°; (b) 0-0626 g., 112° (Found: 
C, 40-45; H, 2-7%); (c) 0-0965 g., 111—112°. Total weight of double picrate, 0-2097 g., 
theoretical yield, 0-240 g. It follows that some unchanged methiodide must have been present 
in the filtrate from experiment (a) and probably in that from (b). 

A sample of the powdered methopicrate (I), m. p. 149—151°, was added to saturated 
ethanolic picric acid, which was vigorously shaken for 5 min., the mixture containing undis- 
solved material throughout: the final material when collected, washed with a trace of ethanol, 
and dried was the double picrate (III), m. p. 110—111° (recrystallised from water, 112°). 

Quinoline.—The pure base was converted into the orange methiodide, m. p. 134° (lit.,® 
133°) after crystallisation from ethanol and thorough drying. 

(a) Sodium picrate. (1) Addition of the methiodide to a considerable excess of sodium 
picrate, both in aqueous solution, gave the methopicrate (I), m. p. 169° (lit.,® 169-5°), unchanged 
by crystallisation from water (Found: C, 51-45; H, 3-35; N, 15-35. Calc. for C,sH,.N,O,: 
C, 51-6; H, 3-25; N, 15-05%). 

(2) Repetition of experiment (1), but with methanolic solutions, deposited the double sodium 
picrate (II), m. p. 204—206° (T.I. 180°) (Found: C, 42-35; H, 2-5; N, 15-8; Na, 3-6. 
C,g.H,.N,O,,C,H,N,NaO, requires C, 42-4; H, 2-3; N, 15-7; Na, 3-7%). 

(3) Repetition of experiment (1), with ethanolic solutions, also gave the double picrate 
(II), m. p. 200—204° (crude), 204—206° (T.I. 180°) after crystallisation from ethanol. 

The double picrate (II), when recrystallised from (i) water, (ii) methanol, afforded the 
methopicrate (I), (i) m. p. 168—169° (Found: C, 51-75; H, 3-4%), (ii) m. p. 168—169°. 

(b) Picric acid. Addition of the methiodide to an excess of picric acid’, both in cold aqueous 
solution, deposited the methopicrate (I), m. p. 164—166° (crude) (168—169° from water) 
(Found: C, 51:35; H, 33%). The same product was obtained when this experiment was 
conducted in methanolic and in ethanolic solutions. 

Addition of the methopicrate (I) to an excess of picric acid, both in cold aqueous or methanolic 
solutions, caused slow separation of the unchanged methopicrate, m. p. 168°. 

Quinaldine.—The pure base afforded the pale yellow methiodide, m. p. 195° (lit.,2° 195°) after 

® Marckwald and Meyer, Ber., 1900, 38, 1884; Hantzsch, Ber., 1909, 42, 80. 


® Decker, Ber., 1903, 36, 1213. 
10 Doebner and Miller, Ber., 1883, 16, 2468. 
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three recrystallisations from ethanol (Found: C, 46-45; H, 4-4; N, 4:8. Calc. for C,,H,,IN: 
C, 46-3; H, 4:2; N, 4-9%). 

(a) Sodium picrate. (1) The addition of the methiodide to an excess of sodium picrate, 
both in aqueous solutions, gave the crude double sodium picrate (II), m. p. 210—214° (Found: 
C, 42-3; H, 2-7; N, 15:7. C,,H,,N,O,,C,H,N,NaO, requires C, 43-3; H, 2-5; N, 15-4; Na, 
36%). 

(2) Repetition of this experiment, with methanolic solutions, also gave the picrate (II), 
m. p. 218—220°, unchanged by crystallisation from methanol (Found: C, 43-2; H, 2-8%). 

(3) The experiment, carried out with ethanolic solutions, also gave the picrate (II), m. p. 
218—220° (crude), 219—220° from ethanol (Found: C, 43-3; H, 2-4; N, 15-2; Na, 3-45%). 

The double salt (II), when recrystallised from water, gave the methopicrate (I), m. p. 140° 
(lit.,44 139° with shrinking at 134°) (Found: C, 52-7; H, 3-7; N, 14-4. Calc. for C,,H,,N,O,: 
C, 52-85; H, 3-65; N, 14-5%): when the double salt was even triturated with a small quantity 
of cold water for several minutes, a residue solely of the methopicrate (I), m. p. 140—142° 
(slight shrinking at 132°), was obtained. 

A methanolic solution of the methopicrate (I), when added to an excess of sodium picrate 
in methanol, deposited the double picrate (II), m. p. 216—218° (Found: C, 42-7; H, 2-8%). 

(b) Picric acid. (1) Addition of the methiodide to an excess of picric acid, both in cold 
aqueous solutions, deposited the methopicrate (I), m. p. 131—140° (crude), 140—142° after 
crystallisation from water (Found: C, 53-0; H, 3-7%). 

(2) Repetition of this experiment, with methanolic solutions, gave no deposit: from 
ethanolic solutions, the methopicrate (I), m. p. 140—142°, was deposited. 

When a warm aqueous solution of the methopicrate was added to cold saturated aqueous 
picric acid, the solution, on cooling, deposited only the unchanged methopicrate: use of ethanolic 
solutions gave the same result. 

Lepidine.—The pure base gave the bright yellow methiodide, m. p. 174° (lit.,12 173—174°) 
from ethanol: this salt is very soluble in water and methanol. 

(a) Sodium picrate. (1) The methiodide, added to an excess of sodium picrate, both in 
aqueous solutions, deposited the methopicrate (I), m. p. 160—162° (lit.,14 159°), both crude 
and after crystallisation from water (Found: C, 52-9; H, 3-8; N, 14-4. Calc. for C,,H,,N,O,: 
C, 52-85; H, 3-65; N, 14-5%). 

(2) Repetition with methanolic solutions gave no deposit. From ethanolic solutions, the 
double sodium picrate (II), m. p. 205—206°, was deposited (Found: C, 43-6; H, 2-7; N, 15-6. 
C,,H,,N,O,,C,H,N,NaO, requires C, 43-3; H, 2-5; N, 15-4%). 

The double picrate (I1) when recrystallised once from water, or thrice from ethanol, gave 
the methopicrate (I), m. p. 159—160°. 

(b) Picric acid. Addition of the methiodide to an excess of picric acid, both in aqueous 
solution, gave the methopicrate (I), m. p. 161—162° (Found: C, 52-66; H, 35%). The 
methopicrate was also obtained by using methanolic (in low yield) and ethanolic solutions. 
The methopicrate, when added to picric acid, both reagents in aqueous or in ethanolic solutions, 
crystallised unchanged. 

Isoquinoline.—The pure base, m. p. 24°, was isolated by Harris and Pope’s method,!* and 
gave the very pale yellow methiodide, m. p. 159° (lit.,14 159°), from ethanol. 

(a) Sodium picrate. (1) The methiodide, added to an excess of sodium picrate, both in 
aqueous solutions, afforded the methopicrate (I), m. p. 166—168° (crude), 169° (lit.,5 161— 
162°) from water (Found: C, 51-35; H, 3-5. Calc. for C,,H,,N,O,: C, 51-6; H, 3-25%). 
The m. p. 187° given by Decker and Kaufmann ‘ is-incorrect. 

(2) Repetition of this experiment, with methanolic solutions, gave a crude product, m. p. 
198—205°, which after two recrystallisations afforded the methopicrate. 

(3) Repetition with ethanolic solutions also gave a crude product, m. p. 188—255°, which 
on one recrystallisation from ethanol afforded the methopicrate, m. p. 167—168°. In view 
of the wide range in m. p. of this crude product, the following quantitative experiments were 
performed. (i) A solution of the methiodide (0-1 g.) in ethanol (2 c.c.) was added dropwise 
to a vigorously stirred solution of sodium picrate (0-232 g., 2-5 mol.) in ethanol (15 c.c.). The 





11 Adams, Cymerman-Craig, Ralph, and Willis, Austral. J. Chem., 1955, 8, 392. 
2 Hoogewerff and van Dorp, Rec. Trav. chim., 1883, 2, 318. 

18 Harris and Pope, J., 1922, 121, 1030. 

4 Claus and Edinger, J. prakt. Chem., 1888, 38, 492. 
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crystalline deposit of the double sodium picrate (II), when collected, washed with a very small 
quantity of ethanol, and dried, had m. p. 200—225° with softening at 160°. It was re- 
crystallised from ethanol containing some sodium picrate, and dried at 90°/0-1 mm. and then 
on heating, shrank at 212°, and melted at 218—236° to a red liquid, which on cooling crystallised 
to a dark yellow mass: this behaviour was unaffected by a second recrystallisation (Found: 
C, 42-7; H, 2-6; N, 15-4. C,,H,.N,O,,C,H,N;NaO, requires C, 42-4; H, 2:3; N, 15-7%). 
(ii) Repetition of this experiment, but with sodium picrate (0-370 g., 4 mol.) in ethanol (20 c.c.), 
gave the same product, which even without recrystallisation shrank at 200° and melted at 
212—236°. Attempted recrystallisation of this salt from water gave the methopicrate (I). 

(b) Picric acid. The methopicrate (I) in hot aqueous solution was added to cold saturated 
aqueous sodium picrate, and crystallised unchanged (m. p. 164—165°) as the solution cooled. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, March 23rd, 1961.} 





750. Sulphonation of Arylpyrazoles. Part I. Monosulphonation 
Products of 3-Methyl-1,5-diphenylpyrazole. 


By W. J. Barry. 


3-Methyl-1,5-diphenylpyrazole is monosulphonated by oleum at 30— 
35°, partly in the 4-position of the pyrazole ring, and partly in the para- 
position of the 5-phenyl nucleus. No substitution occurs in the N-phenyl 
nucleus at this temperature. The products have been identified by synthesis, 
one of the requisite diketones, -(1,3-dioxobutyl)benzenesulphonic acid, 
being made from the pentane-2,4-dione copper complex. 


THE author’s failure to obtain the chloride of 3-methyl-1,5-diphenylpyrazole-4-sulphonic 
acid (I) by wet chlorination of the corresponding disulphide } led to the following investig- 
ation. Sulphonation of the parent pyrazole with oleum (SO, 20%) at 30—35° gave an 
~1:1 mixture of the 4-sulphonic acid (I), and the 3-methyl-1-phenyl-5-pyrazolylbenzene- 
p-sulphonic acid (III; R= H). The non-reactivity of the N-phenyl nucleus under these 
conditions is remarkable, considering the ready entry of groups into it during halogenation 
and nitration. The compound, which would have resulted from such a reaction, and 


, CO-CHRAc 
non SR" Ry ie Ry Me. 
Ph N onl N . “C,H | N 
N7 N’ p HOS CeH, N’ 
Ph C6H4-SO3H-p Ph $O,Cl 


(I) (II) (11) (IV) 


of which no trace was found in the sulphonation mixture, was first prepared by Claisen and 
Roosen,? and assumed by them to be 3-methyl-5-phényl-1-f-sulphophenylpyrazole (II; 
R =H). The structures of this acid and of the sulphonation product (III; R = H) have 
been proved by conversion into the phenols by alkaline fusion,? and comparison of these 
with the hydroxyphenylpyrazoles prepared from the corresponding amino-compounds 
(II and III; R=H; NH, in place of SO,H). To ensure that the sulpho-group of the 
acid (III; R = H) had entered the nucleus in the fara-position and had not shifted during 
the fusion, the sulphonic acid was synthesized as follows. Condensation of pentane-2,4- 
dione copper complex with the dichloride of p-sulphobenzoic acid in chloroform gave the 
triketone (IV; R = Ac), only the COCI group reacting; this product was decomposed by 
warm water to give the sulphonic acid (IV; R = H; SO,H in place of SO,Cl) (cf. Barry 4). 

Barry, J., 1958, 1171. 

Finar and Simmonds, unpublished work; Finar and Hurlock, /., 1957, 3024. 


1 

2 

8’ Claisen and Roosen, Annalen, 1894, 278, 296. 
‘ Barry, J., 1960, 670. 
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This diketone readily condensed with phenylhydrazine to give the compound (III; 
R = H). 

Both isomers (II and III; R = H) gave the chlorides when heated with phosphorus 
pentachloride, with simultaneous entry of chlorine into the 4-position of the pyrazole 
nucleus. The presence of the 4-substituent was demonstrated by failure to brominate the 
compounds; also by sulphonation of 4-chloro-3-methyl-1,5-diphenylpyrazole (I; Cl, in 
place of SO,H) to give the same compound (III; R = Cl; SO,Cl in place of SO,H). 

The sulphonic acid (I) is interesting because of the rarity of pyrazole-4-sulphonic acids 
in the literature.>® It is a weak acid and cannot be quantitatively titrated; the sulpho- 
group is unexpectedly labile, being replaced by bromine on treatment with bromine water 
and by hydrogen when the compound is heated with 3M-hydrochloric acid or fused with 
alkali. The last reaction is in keeping with Ackerman’s failure * to prepare 4-cyano-3,5- 
dimethylpyrazole from the corresponding sulphonic acid, by fusion with potassium ferro- 
cyanide. A similar lability has been observed with 3’-methylpyrazolo(5’,1’-9,10)phen- 
anthridine-4’-sulphonic acid.’ The structure of the acid (I) has been confirmed by relating 
it to the corresponding disulphide. Conversion into the chloride and reduction in acid 
solution gave the thiol, which on oxidation gave di-(3-methyl-1,5-diphenyl-4-pyrazoly]) 
disulphide. Reduction of the chloride with sodium amalgam gave the sulphinic acid, 
which on benzylation gave benzyl 3-methyl-1,5-diphenyl-4-pyrazolyl sulphone (I; 
Ph-CH,°SO, in place of SO,H). The sulphonic acid (I) was also made by chlorination of 
4-benzylthio-3-methyl-1,5-diphenylpyrazole (I; Ph*CH,S in place of SO,H) in aqueous 
acetic acid and hydrolysis of the resulting sulphonyl chloride: this chloride is identical 
with that prepared directly from the acid (I). 


EXPERIMENTAL 


Sulphonic Acids.—3-Methyl-1-phenyl-5-pyrazolylbenzene-p-sulphonic acid. (1) 3-Methyl-1,5- 
diphenylpyrazole (10 g.) was dissolved in concentrated sulphuric acid (20 c.c.) and cooled to 
10°. Oleum (40 c.c.; SO, 20%) was added portionwise at 30—35°. After 1 hr. at this temper- 
ature, a test portion gave no turbidity on being made alkaline and the whole was then mixed 
with ice (100 g.). The white precipitate of the sulphonic acid (5-8 g., 43%) was filtered off 
(Found: equiv.,312 C,,H,,;N,°SO,H requires equiv., 314). It was converted into the chloride 
(for identification see below). 

(2) The copper complex of pentane-2,4-dione (1 mol.) was condensed with the acid chloride 
(2 mol.) in the usual manner, except that no water was used during the working-up. Evapor- 
ation of the chloroform solvent gave p-(2-acetyl-1,3-dioxobutyl)benzenesulphonyl chloride (60%), 
m. p. 97—99° (from ligroin) (Found: Cl, 11-86. C,,H,,ClO,S requires Cl, 11-75%). Boiling this 
triketone (4 g.) with water (100 g.) containing charcoal for 2 hr. gave a nearly colourless solution 
of p-(1,3-dioxobutyl)benzenesulphonic acid which was heated for 2 hr. with phenylhydrazine 
(1-1 mol.) and then cooled, giving the pyrazolesulphonic acid, identical with the above product 
(proved by conversion into the chloride, mixed m. p., and infrared spectra). 

3-Methyl-1,5-diphenylpyrazole-4-sulphonic acid. (a) The filtrate from the above sulphon- 
ation (1) was neutralized with barium carbonate, filtered, and evaporated to dryness under 
reduced pressure to give a barium salt (9 g., 55%), identified by conversion into the chloride. 

(b) 4-Chlorosulphonyl-3-methyl-1,5-diphenylpyrazole (see below) was heated with an excess 
of ethanolic 20% potassium hydroxide for 4 hr. Evaporation to dryness gave the potassium 
salt, acidification of which produced the sulphonic acid [chloride proved identical with that 
from method (a) by mixed m. p. and infrared spectra]. 

Sulphonyl Chlorides.—(1) By heating the potassium or barium salts or the free sulphonic 
acids (1 mol.) with phosphorus pentachloride (2 mol.) the corresponding chlorides were produced, 
viz., p-(4-chloro-3-methyl-5-phenylpyrazol-1- (93%), m. p. 154—156° (from ligroin) (Found: 
Cl, 19-1; S, 8-7. C,,H,,C],N,O,S requires Cl, 19-3; S, 8-7%), and -5-yl)-benzenesulphonyl 


5 Knorr, Annalen, 1894, 279, 188; Ioffe and Khavin, J. Gen. Chem. (U.S.S.R.), 1944, 14, 822. 
® Morgan and Ackerman, /J., 1923, 1308. 
7 Barry, Finar, and Simmonds, /., 1956, 4974. 
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chloride (98%), m. p. 167—167-5° (from acetone) (Found: Cl, 19-6; N, 7:3; S, 88%. 
CigH,.Cl,N,0,5 requires Cl, 19-3; N, 7-6; S, 8-7%), and 3-methyl-1,5-diphenylpyrazole-4- 
sulphonyl chloride (60%), m. p. 127—128° (from acetone) (Found: Cl, 10-9; S, 9-4. Calc. for 
C,gH,,;CIN,O,S: Cl, 10-7; S, 9-6%). 

(2) 4-Chloro-3-methyl-1,5-diphenylpyrazole was sulphonated at 35—40° as above. Neutral- 
ization with potassium carbonate gave the potassium salt (56%). This, dried and refluxed for 
3 hr. with thionyl chloride, gave the second (m. p. 167°; mixed m. p. and infrared spectrum) of 
the above chlorides. 

(3) 4-Benzylthio-3-methyl-1,5-diphenylpyrazole (5 g.), prepared from the disulphide by an 
improved method (zinc dust in boiling ethanolic 6% potassium hydroxide in place of sodium 
dithionite *), was dissolved in warm glacial acetic acid (50 c.c.), and water (1-5 c.c.) was added. 
Saturation of the solution with chlorine at 0° and gradual dilution gave a white precipitate of 
the sulphonyl chloride (80%), m. p. 127—128° (from acetone), identical with the chloride 
prepared from the appropriate barium salt (mixed m. p. and infrared spectrum). 

Phenols.—(1) The free sulphonic acid, or the potassium or barium salt, was fused with 1: 1 
sodium and potassium hydroxide at 270—300°. Dilution, and acidification of the mixture 
with acetic acid, gave 1-p-hydroxyphenyl-3-methyl-5-phenylpyrazole, m. p. 208° (cf. Claisen 
and Roosen,® m. p. 206°), and 5-p-hydroxyphenyl-3-methyl-1-phenylpyrazole (90%), m. p. 201° 
(from aqueous ethanol), softening at 190° and resolidifying (Found: C, 76-5; H, 5-9; N, 11-0. 
C,,H,,N,O requires C, 76-8; H, 5-6; N, 110%). 3-Methyl-1,5-diphenylpyrazole-4-sulphonic 
acid gave an oil (picrate, m. p. 126—127° alone or mixed with 3-methyl-1,5-diphenylpyrazole 
picrate). Sulphate was found in the aqueous extract from the fusion mixture. 

(2) The appropriate amino-compound was diazotized and run into sulphuric acid—sodium 
sulphate at 140°. The precipitated phenol was filtered off and redissolved in boiling 2N-sodium 
hydroxide (charcoal). Filtration, acidification, and recrystallization of the precipitate from 
aqueous ethanol gave the pure phenols, m. p. 208° and 201° respectively, identical (mixed m. p. 
and infrared spectra) with those produced by fusion of the sulphonic acids. 

Reactions of 3-Methyl-1,5-diphenylpyrazole-4-sulphonyl Chloride and -sulphonic Acid.—(a) 
The sulphonyl chloride (0-5 g.) and 5% sodium amalgam (10 g.) were refluxed in ethanol 
(20 c.c.) during 4hr. The sodium sulphinate, obtained by evaporation, was redissolved in 10% 
sodium carbonate solution (25 c.c.), and benzyl chloride (1 c.c.) in ethanol (10 c.c.) was added. 
After 3 hr. at 100°, addition of water (10 c.c.) gave a precipitate of the sulphone (0-15 g.), m. p. 
162° alone or mixed with 3-methyl-1,5-diphenyl-4-toluene-w-sulphonylpyrazole. Some sulpinic 
acid (detected by Smiles’s test with anisole and sulphuric acid) was recovered by acidification 
of the filtrate. 

(6) Granulated zinc (5 g.) was added during 15—20 min. to a boiling solution of the sulphonyl 
chloride (1 g.) im acetic acid (25 c.c.) containing 5mM-hydrochloric acid (10 c.c.). After 14 hours’ 
further refluxing and filtration, anhydrous ferric chloride (0-5 g.) was added and the solution 
heated to 100°. Yellow crystals (0-1 g.) of di-(3-methyl-1,5-diphenylpyrazol-4-yl) disulphide, 
m. p. and mixed m. p. 202°, appeared. 

(c) A solution of 3-methyl-1,5-diphenylpyrazole-4-sulphonic acid (1-3 g.) in 2-5m-hydro- 
chloric acid (40 c.c.) was heated for 3 hr. at 100°, cooled, and made alkaline with ammonia 
solution. Extraction with ether gave an oil, which after recrystallization from light petroleum 
(b. p. 40—60°) melted at 60—62° alone or mixed with 3-methyl-1,5-diphenylpyrazole. The 
aqueous layer contained sulphate. 

(d@) Addition of bromine water to a solution of the sulphonic acid until a yellow colour 
persisted gave an oil, which after extraction with ether and washing with aqueous sodium 
carbonate, gave crystals, m. p. 75° (from ethanol) alone or mixed with 4-bromo-3-methyl-1,5- 
diphenylpyrazole. The aqueous washings contained sulphate. . 


I thank Dr. E. F. Mooney for the spectroscopic data. 
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751. Substituted Linoleic Acids. 
By J. A. BAKER and P. A. McCrea. 


The synthesis of 2,2-dimethyl-linoleic acid, 2,2-dimethyl-18-pheny]l- 
linoleic acid, and 2,2-dimethyleicosa-cis-11,cis-14-dienoic acid is described. 


It has been shown that high doses of linoleic acid lower serum-cholesterol levels in man.} 
The main route of metabolism for fatty acids is 6-oxidation which can be blocked by 
disubstitution on the «-carbon atom, whereupon attack at the w-carbon atom becomes 
significant.2_ 2,2-Dimethyl- (VIII; R= R’=H) and 2,2-dimethyl-18-phenyl-linoleic 
acid (VIII; R= Ph, R’ = H) should be protected from normal metabolism and so be 
effective in lower doses. 

In the synthesis of these acids, a modification of Raphael and Sondheimer’s synthesis 
of linoleic acid * was tried, the alkylation of 1,1-diethylpropyl isobutyrate * replacing the 
alkylation of malonic ester in order to introduce the 2,2-dimethyl grouping. However, 
attempts to alkylate the isobutyrate with 16-iodohexadeca-6,9-diyne (IV; R=H, 
X =I) failed while 18-bromo-octadeca-cis-6,cis-9-diene, prepared from linoleic acid, 
reacted satisfactorily yielding on distillation 2,2-dimethyleicosa-cis-11,cis-14-dienoic acid. 


CH=C+[CH,],°Cl R[CH,];*C=C*CH,"Br Cl-[CHg]_*CMe,"CO, Et 
(I) a (IT) an (IIT) 
Re[CH,],°C=C°CH*C=C[CH,],°X CH=C-[CH,]_°CMea*CO, Et 
(IV) (V) 
R*[CH,],°CH=CH*CHy*CH=CH*[CH,]_"X RfCH,],;*C=C*CHy*C=C*[CH,]_°CMe,"CO,H 


(VI) Me Pal (VID) 


R*[CH,],°CH=CH*CH,*CH=CH[CHg]_*CMe,*CO,R’ 
(VIII) 


Consequently 16-chlorohexadeca-6,9-diyne (IV; R= H, X = Cl) was hydrogenated to 
the diene (VI; R=H, X = Cl), Lindlar’s catalyst being used. This was converted 
into the iodo-compound (VI; R=H, X =I) which reacted with 1,1-diethylpropyl 
isobutyrate to give a product which, after hydrolysis and re-esterification, yielded ethyl 
2,2-dimethyloctadeca-cis-9,cis-12-dienoate (VIII; R =H, R’ = Et). Similarly, reaction 
of the iodo-compound (VI; R = H, X = I) with malonic ester gave a better overall yield 
of linoleic acid than that obtained by Raphael and Sondheimer. 

In an alternative synthesis of 2,2-dimethyloctadeca-cis-9,cis-12-dienoic acid (VIII; 
R = R’ = H) the alkylation of the isobutyric ester with an iodo-diyne was avoided by 
first treating 1,1-diethylpropyl isobutyrate with 1-chloro-6-iodohexane. Hydrolysis and 
re-esterification with ethanol gave ethyl 8-chloro-2,2-dimethyloctanoate (III). Reaction 
of the corresponding 8-iodo-compound with sodium acetylide yielded ethyl 2,2-dimethyl- 
dec-9-ynoate (V), the acid from which was coupled ® with 1-bromo-oct-2-yne (II; R = H) 

1 For a general review see Sinclair, ‘‘ Essential Fatty Acids,’’ Butterworths, London, 1958. 

* Bergstrém, Borgstrém, Tryding, and Westéé, Biochem. J., 1954, 58, 604. 

% Raphael and Sondheimer, J., 1950, 2100. 

* Hauser and Chambers, J. Amer. Chem. Soc., 1956, 78, 3837. 


5 Lindlar, Helv. Chim. Acta, 1952, 35, 446. 
® Osbond and Wickens, Chem. and Ind., 1959, 1288. 
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to give 2,2-dimethyloctadeca-9,12-diynoic acid (VII; R-=H). Hydrogenation over 
Lindlar’s catalyst gave 2,2-dimethyloctadeca-cis-9,cis-12-dienoic acid (VIII; R = R’ = H). 

Evidence for the structure of this acid and the ethyl ester obtained in the first synthesis 
was obtained by hydrogenation to 2,2-dimethylstearic acid, identified by comparison with 
an authentic specimen.? Comparison of the ultraviolet absorption spectrum of the acid 
with that of octadeca-10,12-dienoic acid’ indicated less than 1% of conjugated dienes. 
Similarly the ester probably contains 5% of conjugated dienes and also 2% of conjugated 
trienes (by comparison with $-eleostearic acid §). There was no absorption in the infrared 
region attributable to ¢vans-double-bonds. 

While the first synthesis is more convenient and gives higher yields, the second procedure 
appears to give a purer product. 

16-Chloro-1-phenylhexadeca-6,9-diyne (IV; R= Ph, X = Cl), prepared by coupling 
8-chloro-oct-l-yne (I) with 1-bromo-8-phenyloct-2-yne (II; R= Ph), was used to 
synthesise ethyl 2,2-dimethyl-18-phenyloctadeca-cis-9,cis-12-dienoate (VIII; R= Ph, 
R’ = Et) in a similar manner to the synthesis of ethyl 2,2-dimethyloctadeca-cis-9,cis-12- 
dienoate. There was no indication in its infrared spectrum of trans-double-bonds. 


EXPERIMENTAL 


18-Bromo-ociadeca-cis-6,cis-9-diene.—Octadeca-cis-9,cis-12-dien-l-ol (144 g.) (prepared by 
reduction of ethyl linoleate with lithium aluminium hydride *), phosphorus tribromide (19 ml.), 
and pyridine (1-5 ml.) were refluxed for 2 hr. in dry ether (180 ml.). Water was added and the 
ethereal layer separated and washed with water. After the extract had been dried (Na,SO,) 
and the ether evaporated, the residue was distilled to give 18-bromo-octadeca-cis-6,cis-9-diene 
(90 g.), b. p. 140°/0-2 mm. (Found: C, 65-7; H, 10-3; Br, 23-7. C,,H,,Br requires C, 65-7; 
H, 10-1; Br, 24-3%). 

2,2-Dimethyleicosa-cis-11,cis-14-dienoic Acid.—1,1-Diethylpropyl isobutyrate (18-6 g.) 
was treated with 18-bromo-octadeca-cis-6,cis-9-diene (32-9 g.) in liquid ammonia according to 
Hauser and Chambers’s method. Vacuum distillation of the resulting 1,1-diethylpropy] ester 
gave 3-ethylpent-2-ene and a high-boiling acidic material which on distillation in vacuo yielded 
2,2-dimethyleicosa-cis-11,cis-14-dienoic acid (12 g.), b. p. 163°/0-0004 mm., mp2° 1-4691 [Found: 
C, 78-4; H, 12-2%; iodine value? (I.V.), 149. C,.H,,O, requires C, 78-6; H, 12-:0%; 
L¥., 2671. 

16-Chlorohexadeca-cis-6,cis-9-diene.—16-Chlorohexadeca-6,9-diyne ! (59-2 g.) in ethyl acetate 
(250 ml.) was hydrogenated over Lindlar’s catalyst (10 g.). 11-451. of hydrogen were absorbed 
(theoretical uptake for two molecular equivalents of hydrogen = 11-48 1.)._ After removal of 
the catalyst and solvent, the residue was distilled to give 16-chlorohexadeca-cis-6,cis-9-diene 
(57-1 g.), b. p. 103°/0-01 mm., > 1-4616 (Found: C, 74-3; H, 11-1; Cl, 13-9%; IL.V., 195. 
C,gH.,Cl requires C, 74-8; H, 11-4; Cl, 13-8%; I.V., 198). 

16-Iodohexadeca-cis-6,cis-9-diene.—16-Chlorohexadeca-cis-6,cis-9-diene (56-8 g.) was added 
to sodium iodide (80 g.) in acetone (500 ml.) and heated under reflux with stirring for 18 hr. 
After removal of the acetone on the water bath, the residue was extracted with sufficient 
anhydrous ether to give 250 ml. of ethereal solution of 16-iodohexadeca-cis-6,cis-9-diene. 

Ethyl 2,2-Dimethyloctadeca-cis-9,cis-12-dienoate.—1,1-Diethylpropyl isobutyrate (26-6 g.) 
was added to sodamide [from sodium (3-3 g.)] in liquid ammonia (500 ml.) and stirred for 1} hr. 
Ethereal 16-iodohexadeca-cis-6,cis-9-diene (120 ml. = 32-8 g. of the chloro-compound) was 
added and the mixture stirred for 20 hr. The work-up and hydrolysis of the diethylpropyl 
ester followed Hauser and Chambers’s procedure. ‘The resulting crude 2\2-dimethyloctadeca- 
cis-9,cis-12-dienoic acid was heated under reflux in ethanol (250 ml.) for 24 hr., portions (12 ml.) 
of saturated ethanolic hydrogen chloride being added after 0, 3, 6, and 21 hr. The solution 
was concentrated under reduced pressure on the water bath, and the residue, in light petroleum 
(b. p. 30—50°), was washed with 0-2N-sodium hydroxide in 10% aqueous ethanol and with 


7 Holman, Lundberg, and Burr, J. Amer. Chem. Soc., 1945, 67, 1386. 
* Crombie and Jacklin, J., 1957, 1633. 

® Ligthelm, von Rudloff, and Sutton, /J., 1950, 3187. 

'0 British Pharmacopeeia, 1958, p. 873. 

11 Gensler and Thomas, /. Amer. Chem. Soc., 1951, 78, 4601. 
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water, and dried (MgSO,), and the solvent removed. Distillation of the residue gave ethyl 
2,2-dimethyloctadeca-cis-9,cis-12-dienoate (15-8 g.), b. p. 106°/10 mm., n,*° 1-4590 (Found: 
C, 78-5, 78-6; H, 11-9, 123%; I.V., 146. C,.H,O, requires C, 78-6; H, 12:0%; I.V., 151); 
Amax, (E}%,) 232 (42-9) (indicates 5% of conjugated diene), 259 (26-5), 268 (34-2) and 278 
my (27-0) (indicates 2% of conjugated triene). The infrared absorption spectrum showed no 
band at 10-3u attributable to tvans-CH=CH. 

Linoleic Acid.—Ethyl malonate (5-1 g.) was heated under reflux for 1 hr. with sodium 
ethoxide [from sodium (0-7 g.)] in anhydrous ethanol (50 ml.). Ethereal 16-iodohexadeca- 
cis-6,cis-9-diene (17-5 ml. = 4 g. of the chloro-compound) was added, and the ether allowed to 
distil off. The residual alcoholic solution was heated under reflux for 16 hr. The resulting 
substituted malonic ester was hydrolysed and decarboxylated by Raphael and Sondheimer’s 
method.* Distillation of the product in vacuo gave linoleic acid (2-02 g., 50%), b. p. 175°/0-2 
mm., a” 1-4690, I.V., 179. The tetrabromide had m. p., and mixed m. p. with a specimen 
obtained }2 from corn oil, 115—116°. 

Ethyl 8-Chloro-2,2-dimethyloctanoate.—1,1-Diethylpropyl iosbutyrate (lll g.) was treated 
with 1-chloro-6-iodohexane (147 g.) according to Hauser and Chambers’s method ¢ during 3 hr., 
giving crude 1,1-diethylpropyl 8-chloro-2,2-dimethyloctanoate, which was hydrolysed by hydro- 
chloric acid and dioxan to crude 8-chloro-2,2-dimethyloctanoic acid. The acid was refluxed 
with ethanol (200 ml.), toluene (400 ml.), and toluene-p-sulphonic acid (10 g.), the water— 
ethanol-toluene azeotrope being continuously removed by distillation until no more water was 
generated. After the solution had been washed with sodium carbonate solution and water, 
the solvents were removed, and the residue distilled, yielding ethyl 8-chloro-2,2-dimethyloctanoate 
(82 g., 58-5%), b. p. 62°/0-03 mm., 7,,”° 1-4429 (Found: C, 61-4; H, 9-8; Cl, 15-3. C,,H,,ClO, 
requires C, 61-4; H, 9-9; Cl, 15-1%). 

In one preparation the crude 1,l-diethylpropyl ester was distilled im vacuo to give pure 
1,1-diethylpropyl 8-chloro-2,2-dimethyloctanoate, b. p. 111°/0-18 mm., 7,,?° 1-4540, in 65% yield 
(Found: C, 67-4; H, 11-3; Cl, 11-5. C,,H,,ClO, requires C, 67-0; H, 10-9; Cl, 11-6%). 

Ethyl 8-I odo-2,2-dimethyloctanoate.—The chloro-ester (80 g.) and sodium iodide (65 g.) were 
refluxed with stirring in acetone (500 ml.) for 60 hr. After the mixture had cooled, sodium 
chloride was filtered off and the filtrate concentrated under reduced pressure. Water was 
added and the mixture extracted with light petroleum (b. p. 30—50°). After being dried 
(MgSO,), the petrol extract was evaporated and the residue distilled to give ethyl 8-iodo-2,2- 
dimethyloctanoate (105 g., 94:5%), b. p. 102°/0-14 mm., ,,”° 1-4812 (Found: C, 44-5; H, 7-2; 
I, 38-8. C,,H,,1O, requires C, 44:2; H, 7-1; I, 38-9%). 

Ethyl 2,2-Dimethyldec-9-ynoate.—Ethy1 8-iodo-2,2-dimethyloctanoate (30 g.) in dimethyl- 
formamide (50 ml.) was added during 10 min. to sodium acetylide [from sodium (2-5 g.)] in 
liquid ammonia (75 ml.). The ammonia was allowed to evaporate during 1 hr. and the residue 
stirred for a further hour at room temperature. Solid ammonium chloride was added, followed 
by water. The mixture was twice extracted with light petroleum (b. p. 30—50°), and the 
extracts were washed with water. After the extracts had been dried (MgSO,) and the 
petroleum evaporated, the residue was fractionated to give (a) b. p. 38°/0-1 mm., 7,,?° 1-4303 
(3-5 g.), thought to be ethyl 2,2-dimethyloct-7-enoate (Found: C, 72-6; H, 11-7%; I.V., 128. 
C,.H,,O, requires C, 72:7; H, 11-2%; I1.V., 128), and (b) ethyl 2,2-dimethyldec-9-ynoate (11-5 g., 
56%), b. p. 58°/0-05 mm., v,*° 1-4380 (Found: C, 75-2; H, 11-2. C,,H,,0, requires C, 75-0; 
H, 10-8%). 

2,2-Dimethyldec-9-ynoic Acid.—Ethyl 2,2-dimethyldec-9-ynoate (23 g.) was refluxed for 
72 hr. with ethanol (200 ml.) and 30% aqueous potassium hydroxide (70 ml.). The ethanol 
was evaporated under reduced pressure and the residue diluted with water. After extraction 
with light petroleum (b. p. 30—50°) the aqueous solution was acidified and then extracted 
twice with light petroleum. The latter extracts were washed with water and, after being 
dried (Na,SO,), the petroleum was evaporated. Vacuum distillation of the residue yielded 
2,2-dimethyldec-9-ynoic acid (18-5 g., 92%), b. p. 104°/0-1 mm., »,? 1-4540 (Found: C, 73-1; 
H, 10-4. C,,H,,O, requires C, 73-5; H, 10-3%). 

2,2-Dimethyloctadeca-9,12-diynoic Acid.—To the Grignard reagent from ethyl bromide 
(20-7 g.) and magnesium (4-6 g.) in tetrahydrofuran (75 ml.) was added 2,2-dimethyldec-9-ynoic 
acid (18-5 g.), and the mixture was refluxed with stirring until gas was no longer evolved. 


12 McCutcheon, Org. Synth., 1942, 22, 76. 
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While a slow stream of nitrogen was passed through the apparatus, cuprous chloride (0-5 g.) 
and then 1-bromo-oct-2-yne (17-9 g.) were added, and the mixture was refluxed for 7hr. After 
the mixture had cooled, dilute sulphuric acid was added and the mixture extracted twice with 
ether, the ether extracts being washed with water and dried (Na,SO,). After removal of the 
ether, the residue was distilled in vacuo giving a viscous oil (11 g.), b. p. 162°/0-005 mm., n,*° 
1-4759, which rapidly became brown in air. This was considered to be 2,2-dimethyloctadeca- 
9,12-diynoic acid, although an analytically pure sample could not be obtained. 

2,2-Dimethyloctadeca-cis-9,cis-12-dienoic Acid.—2,2-Dimethyloctadeca-9,12-diynoic acid 
(8-9 g.) in ethyl acetate (100 ml.) and quinoline (0-5 ml.) were shaken with Lindlar’s catalyst 
(2g.) in hydrogen. Hydrogenation ceased when the hydrogen uptake was 99% of the theoretical 
2 mols. The catalyst was filtered off and the filtrate washed with dilute hydrochloric acid and 
water. After being dried (Na,SO,) the ethyl acetate was evaporated and the residue distilled 
in vacuo to give 2,2-dimethyloctadeca-cis-9,cis-12-dienoic acid (7-3 g., 82%), b. p. 140°/0-0002 
mm., %,”° 1-4680 (Found: C, 77-6; H,11-7%; I.V., 161. C.9H,,O, requires C, 77-9; H, 11-8%; 
I.V. 165); Amax, 232 my (Ej}%, 8-78, indicating less than 1% conjugation). The absence of 
infrared absorption at 10-3 u indicated less than 5% of trans-CH=CH. 

2,2-Dimethylstearic Acid.—(a) Ethyl 2,2-dimethyloctadeca-cis-9,cis-12-dienoate (900 mg.) 
in ethyl acetate (25 ml.) was fully hydrogenated, palladium-—charcoal (250 mg.) being used as 
catalyst (absorption, 130 ml. Theory, 128 ml.). Removal of the catalyst and solvent left 
an oil which solidified at 0°. Hydrolysis with 10% methanolic potassium hydroxide (25 ml.) 
for 9 hr. and recrystallisation of the acidic product from light petroleum (b. p. 60—80°) gave 
2,2-dimethylstearic acid (400 mg.), m. p. 57-5—58-5° undepressed by admixture with an 
authentic specimen. 

(b) 2,2-Dimethyloctadeca-cis-9,cis-12-dienoic acid (200 mg.) in ethyl acetate (10 ml.) was 
hydrogenated over palladium-charcoal until absorption of hydrogen ceased. Filtration, 
evaporation, and crystallisation from light petroleum (b. p. 60—80°) gave material, m. p. 
57-5—58-5° undepressed by admixture with an authentic specimen of 2,2-dimethylstearic acid 
or with the product from (a). 

7-Phenylhept-1-yne.—1-Bromo-5-phenylpentane (315 g.) reacted with sodium acetylide [from 
sodium (34-5 g.)] in liquid ammonia (1 1.) with vigorous stirring for 10 hr. Water was then 
added and the ammonia allowed to evaporate. The product was isolated by ether extraction 
and the ethereal extracts washed with dilute hydrochloric acid and sodium hydrogen carbonate 
solution, and dried (Na,SO,). After evaporation of the ether the residue was fractionated to 
give 7-phenylhept-\-yne (171 g.), b. p. 80-5°/0-4 mm., 2,7 1-5089 (Found: C, 90-2; H, 9-4. 
C,3;Hy, requires C, 90-7; H, 9-3%). 

8-Phenyloct-2-yn-1-ol.—7-Phenylhept-l-yne (17-2 g.) was added to ethylmagnesium bromide 
{from ethyl bromide (13-6 g.) and magnesium (2-92 g.)] in ether (100 ml.), and the mixture 
refluxed for 1 hr. Gaseous formaldehyde, formed by heating paraformaldehyde (6 g.) in a 
stream of dry nitrogen, was then bubbled through the solution, and the mixture kept overnight. 
After decomposition with dilute sulphuric acid, the product was extracted with ether, and the 
extract washed with sodium hydrogen carbonate solution and dried (Na,SO,). After removal 
of the ether the residue was fractionated to give 8-phenyloct-2-yn-1-ol (17-2 g.), b. p. 129°/0-25 
mm., ”,,”° 1-5281 (Found: C, 82-8; H, 9-0. C,,H,,0O requires C, 83-2; H, 9-0%). 

1-Bromo-8-phenyloct-2-yne.—Phosphorus tribromide (2Q ml.) was added gradually to a 
solution of 8-phenyloct-2-yn-1l-ol (115 g.) and pyridine (1-4 ml.) in ether (170 ml.)._ The mixture 
was refluxed for 2 hr. and then poured on ice. The ether layer was separated, washed with 
sodium hydrogen carbonate solution and water, and dried (Na,SO,). Evaporation of the 
ether, and fractionation of the residue gave 1-bromo-8-phenyloct-2-yne (95 g.), b. p. 115°/0-15 
mm., #,*° 1-5483 (Found: C, 63-35; H, 6-4; Br, 30-15. (C,,H,,Br requires C, 63-4; H, 6-5; 
Br, 30-1%). 

16-Chloro-1-phenylhexadeca-6,9-diyne.—8-Chloro-oct-l-yne (39 g.) was added to ethyl- 
magnesium bromide [from ethyl bromide (30-5 g.) and magnesium (6-7 g.)] in ether (200 ml.) 
and the mixture heated under reflux until evolution of ethane had ceased (24 hr.). A stream 
of nitrogen was passed through the apparatus, cuprous chloride (0-75 g.) was added, and the 
heating continued for 15 min. 1-Bromo-8-phenyloct-2-yne (63-3 g.) was added and the reflux 
continued for a further 20 hr. The cooled mixture was poured on ice (200 g.) and 2N-sulphuric 
acid (100 ml.) and extracted with ether. The ether solution was washed with sodium hydrogen 
carbonate solution and dried (MgSO,). After removal of the solvent the residue was distilled 
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to give 16-chloro-1-phenylhexadeca-6,9-diyne (63 g., 80%) b. p. 170°/0-006 mm., 7,,?° 1-5217 
(Found: C, 80-0; H, 9-4; Cl, 10-5. C,H. Cl requires C, 80-3; H, 8-9; Cl, 10-8%). 

16-Chloro-1-phenylhexadeca-cis-6,cis-9-diene.—16-Chloro-1-phenylhexadeca-6,9-diyne (58-8 
g.) was hydrogenated in a similar manner to 16-chlorohexadeca-6,9-diyne, taking up 8-34 1. of 
hydrogen (8-36 1. required for semi-hydrogenation of two acetylenic linkages), to give 16-chloro-1- 
phenylhexadeca-cis-6,cis-9-diene (54:2 g., 90-5%), b. p. 145°/0-002 mm., 7,?° 1-5096 (Found: 
C, 79-3; H, 10-3; Cl, 10-3. C,,H,,Cl requires C, 79-4; H, 10-0; Cl, 10-3%). 

Ethyl 2,2-Dimethyl-18-phenyloctadeca-cis-9,cis-12-dienoate-—This was prepared from 16- 
chloro-1-phenylhexadeca-cis-6,cis-9-diene (26-7 g.) in a similar manner to the preparation of 
ethyl 2,2-dimethyloctadeca-cis-9,cis-12-dienoate from  16-chlorohexadeca-cis-6,cis-9-diene. 
Ethyl 2,2-dimethyl-18-phenyloctadeca-cis-9,cis-12-dienoate (22-6 g., 68-2%), b. p. 174°/0-0004 
mm., ,,”° 1-4913, was obtained (Found: C, 81-25; H, 10-55. C,,H,,O, requires C, 81:5; 
H, 10-7%). The infrared absorption spectrum showed no band at 10-3 u attributable to 
trans-CH=CH. 


We thank Dr. P. G. Marshall for his interest in this work and Dr. Nils Tryding for a sample 
of 2,2-dimethylstearic acid. 
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752. The Ozonolysis of Polycyclic Hydrocarbons. Part III.* 
By P. G. Copetanp, R. E. DEAN, and D. McNEI. 


The action of ozone on anthracene, naphthacene, and their dihydro- 
derivatives is described. A discussion of the reaction mechanism is also 
given. 
THE first paper? in this series described the ozonolysis of fluorene and benzo{6)fluorene, 
the constituent rings of which are fused in a linear manner. This work has now been 
extended to include the “linear’’ hydrocarbons, anthracene, naphthacene, and their 
dihydro-derivatives. 

According to the molecular-orbital calculations by Brown? and Dewar,’ the 9,10- 
positions of the anthracene molecule possess the lowest para-localisation energy, and the 
1,2-bond has the lowest bond-localisation energy. In accord are the well-known oxidation 
to the 9,10-quinone and the attack by so-called double-bond reagents, osmium tetroxide 4 
and ethyl diazoacetate,5on the 1,2-bond. Ozonealso converts anthracene into the quinone.® 
Bailey and Ashton’ report that this gives 69° of quinone, some 28% of which is pre- 
cipitated during the reaction, the remainder being formed by reduction of the filtrate 
with sodium iodide. They also state that reaction is only complete on absorption of 3 mol. 
of ozone and that this is the attacking agent, and not oxygen, since the amount of quinone 
produced is proportional to the amount of ozone absorbed. 

We also have found that treatment of anthracene in acetic acid at 18° with 3 mol. 
of ozone yields anthraquinone (30%) directly, and a further quantity (32%) on reduction 
of the filtrate with sodium iodide. Neutralisation of the acetic acid filtrate followed by 
oxidation with alkaline peroxide gave a similar yield of anthraquinone together with 
phthalic acid (15%). Absorption of 2 mol. of ozone followed by neutralisation and 


* Part II, J., 1961, 1232. 


1 Copeland, Dean, and McNeil, J., 1960, 3230. 

2? Brown, J., 1950, 691, 3249. 

3 Dewar, J. Amer. Chem. Soc., 1952, 74, 3357. 

* Cook and Schoental, Nature, 1948, 161, 237. 

5 Badger, Cook, and Gibb, J., 1951, 3456. 

* Roitt and Waters, J., 1949, 3060. 

? Bailey and Ashton, ]. Org. Chem., 1957, 22, 98. 
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oxidation gave the same yield of quinone together with naphthalene-2,3-dicarboxylic 
(6%) and phthalic acid (9%); no unchanged hydrocarbon could be detected. Ozonisation 
in carbon tetrachloride and chloroform, again with differing proportions of ozone, and 
alkaline peroxide treatment of the products gave much less anthraquinone but similar 
yields of the dicarboxylic acids. These results are summarised in Table 1. 


TABLE 1. Yields (%) on ozonisation of anthracene. 


Naphthalene- 
Ozone Recovered Anthra- Phthalic 2,3-dicarboxylic 
Solvent Temp. (mol.) anthracene quinone acid acid 
PORE. whsseeneves 18° 2 0 61-4 9-0 6-0 
oe oheheecenens ie 3 0 61-5 15-0 0 
GEM 6ctsaressarense —20 1 35-4 15-4 0 0 
ithaininkiinween 2 5-6 15-0 0 7-0 
$9. eweestenseneese ‘i 3 0 16-8 12-0 0 
2 0 2 5-0 27-4 0 7-5 
BME, xqcssencunks — 20 2 16-0 28-3 0 3-0 


Thus in its behaviour towards anthracene ozone appears to act in two ways. “The 
major reaction occurs at the 9,10-position, giving the quinone, whereas addition to the 
most reactive bond, viz., the 1,2-linkage, is of minor importance. The mechanism of the 
latter, based on Criegee’s mechanism of ozonolysis,§ can be postulated as shown. Pre- 
sumably a zwitterion (I) containing a vinylnaphthalene residue is formed from the initial 
addition complex. Another mol. of ozone then affords a zwitterion (II) which, on further 
reaction followed by alkaline peroxide oxidation, yields the naphthalenedicarboxylic 
acid. That the maximum yields of phthalic acid were obtained on use of 3 mol. of ozone, 
and that the naphthalene diacid was formed only on 2 mol. absorption, suggest that the 
former acid is formed at the expense of the latter. Further attack by ozone on the zwit- 
terion (II) or a polymer derived therefrom, followed by oxidative decomposition, would 
yield phthalic or pyromellitic acid by scission of the substituted and unsubstituted rings 
respectively. The former mode of attack is preferred since no pyromellitic acid was 
detected among the products. 


a “| ON O70 - CHO 1,2 CO2H 
C+ COG Og O08 
‘a, a SW Ag CH:0-0 CO2H 
(I) (IL) 
Reagents: |, O3; 2, HgO,—-NaOH. 


Glyoxal was isolated as its 2,4-dinitrophenylhydrazone when a suspension of anthracene 
in ethanol at —20° was treated with 3 mol. of ozone and the product then decomposed 
with hydrogen in the presence of 10% palladium-charcoal. Some anthraquinone (23%) 
also resulted, together with a resin from which no 2,3-diformylnaphthalene could be ex- 
tracted. The formation of glyoxal provides further evidence of ring scission. 

Attempts were made to isolate the peroxidic products formed in sym-tetrachloroethane 
(3 mol. of ozone). The moist yellow solid product was peroxidic in nature since it readily 
liberated iodine from a solution of sodium iodide in acetic acid and gave a negative lead 
tetra-acetate test for a hydroperoxide, but it decomposed spontaneously on drying. 

The mechanism of quinone formation does not appear to follow the usual course of 
addition to a double bond. Bailey and Ashton’ have proposed the annexed scheme 
wherein a hydroperoxide (III) is formed via an initial complex (stage A) by the addition 
of 1 mol. of ozone. This can either lose water and rearrange to give the quinone directly 
(stage B), or with a further mol. of ozone can give the peroxide (IV) (stage C), liberating 
an equivalent amount of oxygen. The peroxide (IV) can also react with the acetic acid 


8 Criegee ef al., Annalen, 1949, 564, 9; 1953, 588, 12; Chem. Ber., 1954, 87, 766; 1955, 88, 1878. 
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H,O + O,+ 
fe) fe) a: 
! c 2 


HO-O H 


fel “t ~ (IV) ai 


Reagents: |, O 3; 2, ACOH; 3, Nal. 


(solvent) to yield an intermediate which is then converted by sodium iodide into the 
quinone. 

This mechanism explains why part of the quinone is formed and actually separates 
during ozonolysis whilst the remainder is only produced on decomposition of the ozonolysis 
product. It was considered that further evidence might be forthcoming from the measure- 
ment and analysis of the gases entering and leaving the reaction vessel during ozonolysis. 
If, as has been found, equal parts of the quinone are formed by routes B and C, then 
1-5 mol. of ozone would be required. The difference in volume between the issuing and 
entering gas should be equivalent to only 1 mol., since in stage C an amount of oxygen 
is liberated equivalent to the ozone used, whilst stage B only involves loss of water. 

The results show that 2 mol. of ozone are required to react with all the anthracene, 
giving a 62% yield of anthraquinone. Although this exceeds the requirement of 1-5 mol. 
postulated by Bailey and Ashton the excess could be accounted for by the production 
of naphthalenedicarboxylic acid (6%) and phthalic acid (9%) which would require 2 and 4 
mol., respectively, equivalent to a total of 0-48 mol.; in addition some resin was formed. 
On the other hand, the volume of exit gas was less than that of the entering gas by an 
amount equivalent to 0-54 mol. It had been thought that a greater diminution in volume 
would have occurred since, even if the 62% yield of quinone had been formed quantitatively 
from the hydrocarbon, this would have involved, according to the proposed mechanism, 
a reduction in volume of 0-62 mol. and to this should be added the decrease due to form- 
ation, not only of the acidic products equivalent to 0-48 mol., but possibly of the resin. 
No carbon monoxide or dioxide was formed during ozonolysis. Although this work does 
not provide quantitative support for Bailey and Ashton’s theory it at least demonstrates 
that the attack by ozone on the 9,10-position of anthracene is in part an oxidation 
during which oxygen is liberated. When a similar study was made of phenanthrene, 
which gives a quantitative yield of a stable ozonide on the absorption of an equimolar 
amount of ozone, the observed decrease in volume agreed with that calculated to 
within 10%. 

When 9,10-dihydroanthracene was treated with 1 and 2 mol. of ozone at —20° in carbon 
tetrachloride solution, 31 and 63% yields of anthraquinone were obtained by alkaline 
peroxide decomposition of the products. In the first case, 39° of the original material 
was recovered. In similar experiments with acetic acid as solvent at 18° and reduction 
by sodium iodide, the yields of quinone were only 25 and 40% respectively: in addition, 
anthracene (6-7 and 14-0%) was isolated. It is difficult in this case to see how the initial 
reaction could be one of ozone addition and it may be oxidative. The volume decrease in 
the gases during the ozonolysis of this compound in chloroform with 2 mol. of ozone 
was 82%: thus very little oxygen is evolved and this tends to support an oxidation 
reaction in which hydrogen peroxide is formed along with the quinone rather than one 
giving water and oxygen. 

Current localisation theory predicts that the most reactive sites of naphthacene are 
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the 5,12-positions and the 1,2-bond. Thus the action of chromic acid ® yields the 5,12- 
quinone which on further oxidation with acid potassium permanganate is converted into 
anthraquinone-2,3-dicarboxylic acid.” The reaction between naphthacene and osmium 
tetroxide or ethyl diazoacetate does not appear to have been studied. In a preliminary 
communication we reported the action of ozone on naphthacene, 5,12-dihydronaphth- 
acene, and naphthacene-5,12-quinone. These experiments were carried out in sym- 
tetrachloroethane at 0°, and the products were decomposed by treatment with alkaline 
peroxide. The results are summarised in Table 2. 


TABLE 2. Ozonolysis of naphthacene, etc. 


Unchanged Anthraquinone- Phthalic 

O; compound 5,12-Quinone  2,3-dicarboxylic acid 

Compound (mol.) (%) (%) acid (%) (%) 
Naphthacene 1 33-0 35-0 Impure 3-0 
2 0 37-0 a 5-8 

3 0 10-0 10-0 11-0 

4 0 0 16-0 15-0 

5,12-Dihydro- 2 7-4 26-4 Impure 3-0 
naphthacene 3 4-3 1-2 27-3 15-0 
Naphthacene- 1 45-7 -- 21-6 14-2 
5,12-quinone 2 0 —_ 38-0 30-0 


It was difficult to purify the anthraquinone diacid in some cases: repeated precipitation 
from alkaline solution followed by fractional crystallisation from acetic acid gave products 
of m. p. 300—305° whereas the pure acid has m. p. 342°. 

The results tabulated suggest that the primary product of the ozonolysis of naphthacene 
and its 5,12-dihydro-derivative is the quinone. This yields no information about the 
location of the most reactive bonds of the hydrocarbon. The mechanism of formation 
of the quinone is presumably similar to that for anthraquinone from anthracene and its 
9,10-dihydro-derivative. With increasing amounts of ozone the quinone gradually dis- 
appears and the yields of acidic products increase. The quinone can be regarded as a 
2,3-substituted naphthalene and a reaction scheme can be postulated as shown. The 


2 + 
0:-0-HC O 


oO 
< 
Oz 
Oo ce) 


(VI) 
1,2 
1,2 


2 CO2H mo 
CO,H p mo 
Reagents: |, Os; 2, HyO.-NaOH. 


action of 2 mol. of ozone on the unsubstituted ring gives the zwitterion (V) which with 
alkaline peroxide gives anthraquinone-2,3-dicarboxylic acid (38%). Reaction also 
occurs in the substituted ring to give a zwitterion (VI) which on further reaction followed 
by decomposition with alkaline peroxide yields 2 mol. of phthalic acid, and the quoted 
yield (30%) is based on this assumption. Thus naphthacene-5,12-quinone resembles 
benzo[b}fluorenone ! in that it is attacked at both rings of the naphthalene portion to a 


® Gabriel and Leupold, Ber., 1898, 31, 1272. 
10 Heller, Ber., 1913, 46, 1497; Schroeter, Ber., 1921, 54, 2242. 
11 Copeland, Dean, and McNeil, Chem. and Ind., 1959, 329. 
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roughly equal extent. It is of interest to compare the action of ozone on benz{a}- 
anthracene-7,12-quinone which can be regarded as a 1,2-substituted naphthalene. In this 
case the unsubstituted ring only is attacked, giving anthraquinone-1,2-dicarboxylic acid 
in 80% yield.” 

Moriconi e al. report that the ozonolysis of naphthacene in methylene chloride yields 
the 5,12-quinone together with peroxidic material which gives the quinone diacid on 
treatment with alkaline peroxide. The latter acid was also obtained by oxidation of 
an intermediate dimethoxy-peracetal formed by treating the 5,12-quinone with 2 mol. 
of ozone in methylene chloride—methanol. 


EXPERIMENTAL 


Ozonolysis of Anthracene.—Anthracene (1-78 g., 10 mmoles) in acetic acid (60 ml.) at 18° was 
treated with 20 mmoles of ozone. Filtration of the suspension gave a yellow solid from which 
anthracene (0-03 g.) and anthraquinone (0-55 g.), m. p. and mixed m. p. 281—282°, were 
separated by elution with benzene and chloroform respectively from a column of alumina. 
The filtrate, neutralised with 30% aqueous sodium hydroxide and then treated with 30% 
hydrogen peroxide (10 ml.) and 10% aqueous sodium hydroxide (25 ml.) at 60° for 1 hr., gave 
a further quantity of the quinone (0-73 g., total yield 61-4%). Acidification of the filtrate 
and evaporation gave a residue which yielded a brown resin (0-62 g.) on extraction with boiling 
acetone. The resin was boiled with ethyl acetate (40 ml.); the insoluble portion (0-08 g.), 
m. p. 238°, yielded naphthalene-2,3-dicarboxylic acid as colourless plates from aqueous ethanol, 
m. p. and mixed m. p. 241—242°. Its identity was confirmed by infrared analysis. Evapor- 
ation of the ethyl acetate filtrate followed by fractional crystallisation of the residue from water 
gave more naphthalene-2,3-diacid (0-05 g., total yield 6%), and phthalic acid (0-15 g., 9%), 
m. p. and mixed m. p. 196—197°. 

When 3 mol. of ozone were used only the quinone (1-285 g., 61-5%) and phthalic acid (0-25 g., 
15%) were isolated. 

Treatment of anthracene (1-78 g., 10 mmoles) in acetic acid (60 ml.) at 18° with 2 or 3 mol. 
of ozone gave the same yield of anthraquinone (0-62 g., 30%) on filtration of the resulting 
suspensions. Reduction of the filtrates with sodium iodide (5 g.) in acetic acid (30 ml.) yielded 
further amounts of the quinone (0-66 g., 32%). 

When anthracene (1-78 g.) as a suspension in ethanol (60 ml.) at —20° was treated with 
20 mmoles of ozone, and the product was decomposed with alkaline peroxide, the quinone 
(0-59 g., 34%) and naphthalene-2,3-dicarboxylic acid (0-064 g., 359%) were formed. Some 
unchanged hydrocarbon (0-29 g., 16%) was recovered. 

The previous experiment was repeated with 3 mol. of ozone, and the resulting suspension 
was treated for 1 hr. at room temperature with hydrogen (10 atm.) and 10% palladium-charcoal 
(0-5 g.). The suspension was filtered and anthraquinone (0-35 g.) separated from the catalyst 
by extraction with chloroform. The ethanolic filtrate was distilled to a small volume whereupon 
more quinone (0-13 g., total yield 23%) separated. Treatment of the distillate for 2 hr. at 60° 
with a saturated solution (100 ml.) of 2,4-dinitrophenylhydrazine in 2N-hydrochloric acid 
yielded glyoxal 2,4-dinitrophenylhydrazone (0-15 g.), m. p. and mixed m. p. 322—324°. 

The results of experiments carried out in carbon tetrachloride and chloroform, by the 
alkaline peroxide method, are given in Table 1. 

An attempt was made to isolate the intermediate ozonolysis products in the following way. 
Anthracene (1-78 g.), dissolved in sym-tetrachloroethane (60 ml.) at 0°, was treated with 3 mol. 
of ozone. Addition of light petroleum (500 ml.) (b. p. 40—60°) gave a pale yellow solid which, 
on drying in air, decomposed with a vigorous evolution of gas. The damp solid, however, 
gave a negative hydroperoxide test with lead tetra-acetate in acetic acid or benzene, and 
liberated iodine from sodium iodide in acetic acid. 

Ozonolysis of 9,10-Dihydroanthracene.—Ozone was passed through a solution of 9,10-dihydro- 
anthracene,!® m. p. 109-5—110-5° (1-8 g., 10 mmoles), in carbon tetrachloride (60 ml.) at —20° 
until 10 mmoles had been absorbed. Decomposition of the solution by alkaline peroxide gave 


12 Copeland, Dean, and McNeil, J., 1961, 1232. 

18 Moriconi, O’Connor, and Taranko, Arch. Biochem. Biophys., 1959, 88, 283. 

14 Criegee, Pilz, and Flygare, Ber., 1939, 72, 1799; Criegee, Fortschr. chem. Forsch., 1950, 1, 508. 
18 Garlock and Mosettig, J. Amer. Chem. Soc., 1945, 67, 2255. 
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a solid from which anthraquinone (0-64 g., 50%) and unchanged dihydroanthracene (0-7 g., 
39%) were separated by chromatography on alumina. When 2 mol. of ozone were used all 
the hydrocarbon was converted into the quinone (1-31 g., 63%). No acidic products could 
be isolated. 

When 9,10-dihydroanthracene (1-8 g.) was treated with an equimolar amount of ozone in acetic 
acid (60 ml.) at 18° and the product decomposed with sodium iodide (5 g.) in acetic acid (30 ml.), 
a solid was obtained from which unchanged material (0-76 g., 42%), anthracene (0-12 g., 11-7%), 
and anthraquinone (0-52 g., 43%) were obtained by elution with light petroleum (b. p. 60—80°), 
benzene, and chloroform respectively from an alumina column. The use of 2 mol. of ozone 
resulted in the formation of anthracene (0-25 g., 14-5%) and the quinone (0°84 g., 43%); a 
small quantity (0-1 g., 5-5%) of unchanged material was recovered. 

Determination of Oxygen Formed during Ozonolysis.—These experiments were made possible 
by the use of an electrolytic ozoniser similar to that described by Boer.1® With the particular 
anode used, a constant ozone—oxygen output of 3312 ml./hr. containing 10-54 mmoles of ozone 
was obtained. After leaving the reaction vessel the gases were passed through an absorption 
column containing 2% potassium iodide solution with which the ozone reacted liberating an 
equal volume of oxygen. The issuing gas was then collected over brine and analysed and its 
original content of ozone estimated by titration of the iodide solution. The quantity and con- 
stitution of the input gases were determined by control experiments under identical conditions 
in which only the solvent was present. The amount of ozone absorbed by the hydrocarbon 
is given by the difference between the ozone contents of the output gas and the control experi- 
ment. Where the action of the ozone is to add on to the hydrocarbon this value should corre- 
spond to the difference in oxygen content of the two experiments. For example, phenanthrene 
(10 mmoles) in chloroform (60 ml.) at —20° was treated with ozone (10 mmoles) and the total 
oxygen collected (a) was 2452 ml. at N.T.P. The oxygen collected in the control experiment 
(b) was 2655 ml. at N.T.P., thus giving a volume reduction of 203 ml. Now 10 mmoles of 
ozone were absorbed by the hydrocarbon and this corresponds to 224 ml. of oxygen at N.T.P. 
Thus the reduction in oxygen volume is 90% of the calculated value. Similarly 9,10-dihydro- 
anthracene on absorption of 16 mmoles of ozone gave (a) 4083 ml., (b) 4376 ml.; (b — a) = 293 
ml. The oxygen volume corresponding to the amount of ozone absorbed was 359 ml. and there- 
fore the reduction in volume was 82% of the calculated value. Treatment of anthracene 
(10 mmoles) in chloroform (60 ml.) at —20° with 20-58 mmoles of ozone gave (a) 4821 ml., 
(b) 4947 ml.; (6 — a) = 126 ml. The oxygen volume corresponding to the ozone absorbed 
was 476 ml. and thus the volume reduction was 27% of that expected had the reaction been 
a normal ozone addition. The same reduction was obtained when the experiment was carried 
out in acetic acid at 18°. 

zonolysis of Naphthacene.—Naphthacene purified by repeated crystallisation from sym- 
tetrachloroethane had m. p. 356°. Ozone was passed through a suspension of the hydrocarbon 
(2-28 g., 10 mmoles) in sym-tetrachloroethane (60 ml.) at 0° until 10 mmoles had been absorbed. 
The mixture was then stirred for 1 hr. at 60° with 30% hydrogen peroxide (10 ml.) and 10% 
aqueous sodium hydroxide (25 ml.), and the solvent was removed in steam. Filtration of the 
deep red liquor gave a brown solid (1-95 g.) which was extracted with chloroform. Crystallis- 
ation of the insoluble portion from sym-tetrachloroethane gave unchanged naphthacene (0-75 g., 
33%), m. p. 353—355°. Evaporation of the chloroformr extract gave a residue yielding 
naphthacene-5,12-quinone (0-90 g., 52%) as yellow needles, m. p. and mixed m. p. 286°, on 
crystallisation from acetic acid (charcoal). Acidification of the alkaline filtrate gave a brown 
solid (0-21 g.), m. p. 200—205° raised to 300—305° by repeated precipitation from alkaline 
solution followed by crystallisation from acetic acid. This compound was thought to be impure 
anthraquinone-2,3-dicarboxylic acid. Evaporation of the aqueous acid filtrate and extraction 
of the residue with boiling acetone gave phthalic acid (0-1 g., 4.5%). 

The use of 2 mol. of ozone resulted in complete reaction of the naphthacene. With 3 or 4 
mol., the anthraquinone diacid was isolated in a pure state as yellow needles, m. p. 342° (from 
large volumes of 2% hydrochloric acid) (Elbs and Eurich !” gives m. p. 340°; Whitmore and 
Carnahan #8 give m. p. 340—342°) (Found: C, 64-9; H, 2-85. Calc. for C,,H,O,: C, 64-9; 
H, 2-7%). The dimethyl ester prepared via the silver salt separated from ethyl acetate in 

16 Boer, Rec. Trav. chim., 1948, 67, 217; 1951, 70, 1020. 


17 Elbs and Eurich, Ber., 1887, 20, 1362. 
18 Whitmore and Carnahan, J. Amer. Chem. Soc., 1929, 51, 859. 
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yellow prisms, m. p. 160° (Arbuzov !® gives m. p. 183—184°; Moriconi e al.!* give m. p. 160— 
161°) (Found: C, 66-5; H, 3-8. Calc. for C,,H,,O,: C, 66-7; H, 3-7%). Decarboxylation 
of the diacid with copper and quinoline gave anthraquinone (85%), m. p. and mixed m. p. 
282°. The results of these experiments are summarised in Table 2. 

Ozonolysis of 5,12-Dihydronaphthacene.—5,12-Dihydronaphthacene,”® m. p. 210°, was 
treated with 2 and 3 mol. of ozone as described for naphthacene, and the products were de- 
composed by alkaline peroxide. The results are given in Table 2. 

Ozonolysis of Naphthacene-5,12-quinone.—The quinone * (2-58 g., 10 mmoles) in sym- 
tetrachloroethane (60 ml.) at 0° was treated with 1 and 2 mol. of ozone. Treatment with 
alkaline peroxide gave anthraquinone-2,3-dicarboxylic acid (0-64 g., 40%; and 1-12 g., 38%) 
and phthalic acid (0-47 g., 26-1%; and 1-0 g., 30% respectively). Unchanged quinone (1-18 g., 
45-7%) was recovered from the reaction with 1 mol. of ozone. 


The authors thank Dr. H. Boer for his most helpful advice, Mr. G. A. Vaughan for the 
analyses, Mr. W. G. Wilman for the infrared examinations, and Mr. F. Brook for experimental 
assistance. 
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19 Arbuzov, Bull. Acad. Sci., U.S.S.R., Classe Sci. chim., 1940, 95; Chem. Abs., 1941, 35, 2898. 
20 Clar, Ber., 1942, 75, 1271. 
*1 Fieser, J. Amer. Chem. Soc., 1931, 58, 2329. 
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By P. G. CopELAnpD, R. E. DEAN, and D. MCNEIL. 


The reaction between ozone and biphenyl has been shown to give high 
yields of benzoic acid. Ozonolysis of the terphenyls also gives benzoic acid 
and the corresponding biphenylmonocarboxylic or benzenedicarboxylic acids 
depending on the amount of ozone absorbed. 

1-Phenylnaphthalene was attacked by ozone at both rings of the naphth- 
alene portion to a roughly equal extent, yielding o-benzoylbenzoic and 
3-phenylphthalic acid. Similarly, 2-phenylnaphthalene gave benzoic, 4- 
phenylphthalic, and phthalic acid. 


EARLIER papers! in this series described the ozonolysis of linear and angular fused-ring 
hydrocarbons. This work has now been extended to biphenyl, o-, m-, and p-terphenyl, 
and 1- and 2-phenylnaphthalene. 

In 1905, Harries and Weiss ? ozonised biphenyl in chloroform and obtained a colourless 
crystalline explosive product which they formulated as a tetra-ozonide (I); no decom- 
position products of this compound were identified. They suggested that failure of ozone 
to react with the 1,2- and 1’,2’-bonds was due to steric hindrance. Noller and Kaneko,? 
however, studied the ozonolysis of compounds of similar configuration, viz., 1,1’-bicyclo- 
hexenyl and 1-phenylcyclohexene in acetic acid and found that these rapidly absorbed 
ozone, to give products decomposing in water to adipic acid and 8-benzoylvaleric acid 
respectively. They concluded that steric hindrance is not the factor involved in the 
failure of biphenyl to form a hexa-ozonide. 

Oxidative decomposition of a tetra-ozonide of biphenyl in which both the constituent 


1 Copeland, Dean, and McNeil, Part I, J., 1960, 3230; Part II, 1961, 1232; Part III, preceding 
paper. 
2 Harries and Weiss, Annalen, 1905, 348, 337; 374. 
3 Noller and Kaneko, J. Amer. Chem. Soc., 1935, 57, 2442. 
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rings have been attacked would be expected to yield a mixture of aliphatic acids. In the 
present work, however, it has been found that a solution of biphenyl] in chloroform at —20° 
slowly absorbed 3 mol. of ozone to yield a product which was converted in situ by alkaline 
peroxide into benzoic acid (86%). Thus only one ring of the biphenyl molecule is destroyed 
under these conditions and it is suggested, on the basis of Criegee’s mechanism,‘ that an 
intermediate zwitterion (II), is formed which, on further reaction followed by decom- 
position with alkaline peroxide, gives benzoic acid. 


O3 0; 
YN . OHC 7 | 
~ - 
= CH’O°O “O-0-H CL. 


O; Oo, (I) - (Il) (III) 
CH:0-O7 
IV CHO 


Chloroform solutions of the three terphenyls have been treated individually with 3 and 
6 mol. of ozone at —20° and the products decomposed with alkaline peroxide. The results 
are summarised in Table 1. Scission of the central ring occurs in each case, as indicated 
by the formation of benzoic acid the yields of which are calculated on the basis that 2 mol. 


TABLE 1. Ozonisation of terphenyls. 


Unchanged Yields (%) of acids produced 


O; hydrocarbon 
Terphenyl (mol.) (%) Benzoic Other 
o- 3 47-0 a3; biphenyl-2-carboxylic 68-5 
o- 6 9-0 25; phthalic 34-0 
m- 3 37-0 37; biphenyl-3-carboxylic 47-0 
m- 6 17-0 26; isophthalic 29-0 
p- 3 46-0 23; biphenyl-4-carboxylic 69-0 
p- 6 33-0 31; terephthalic 40-0 


of acid are produced from 1 mol. of hydrocarbon. The major attack, however, with 
3 mol. of ozone, occurs at a terminal ring, giving the corresponding biphenylmono- 
carboxylic acids. When 6 mol. are used none of the latter acids could be isolated since 
both terminal rings are attacked yielding the corresponding phthalic acids. Contrary to 
the case of biphenyl, the ozone absorption of the terphenyls is non-stoicheiometric, 
appreciable amounts of unchanged material being recovered even after treatment with 
6 mol. 

With 2 mol. of ozone in chloroform at —20° and decomposition with alkaline peroxide 
the substituted and the unsubstituted ring of the naphthalene moiety of 1-phenyl- 
naphthalene were attacked to the same extent, as shown by the formation of o-benzoyl- 
benzoic (20%) and 3-phenylphthalic acid (18%). Considerable amounts of a water- 
soluble yellow resin were also formed. Scission of the substituted ring of the naphthalene 
portion of the 2-isomer resulted in the formation of benzoic (20-5%), and phthalic acid 
(30%); rupture of the unsubstituted ring gave 4-phenylphthalic acid (32%). 

The mechanism of reaction is probably similar to that postulated by Bailey ® for the 
ozonolysis of naphthalene in inert solvents. For example, 2-phenylnaphthalene would 
yield the zwitterions (III), (IV), and (II), which would then be converted via polymeric 
peroxides or ozonides into 4-phenylphthalic, phthalic, and benzoic acid respectively. 

During this work it was observed that, whereas the phenylnaphthalenes were rapidly 
ozonised, biphenyl and the terphenyls were much more resistant. With an ozone input of 


* Criegee et al., Annalen, 1949, 564, 9; 1953, 588, 12; Chem. Ber., 1954, 87, 766; 1955, 88, 1878. 
5 Bailey, Chem. Rev., 1958, 58, 959. 
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12-4 mmoles/hr., 10 mmoles of the phenylnaphthalenes absorbed 20 mmoles of ozone in 
1 hr. 40 min., whereas 10 mmoles of biphenyl absorbed 30 mmoles of ozone in 5hr. 1- and 
2-Phenylnaphthalene absorbed ozone at the same rate, the o- and m-terphenyls absorbed 
at a similar rate to biphenyl, and #-terphenyl was the most resistant hydrocarbon so far 
encountered. 


EXPERIMENTAL 


Ozonolysis of Biphenyl.—Zone-refined biphenyl] (1-54 g., 10 mmoles) in chloroform (60 ml.) 
at —20° was treated with ozone until 30 mmoles had been absorbed. The vessel was purged 
with nitrogen, and 10% aqueous sodium hydroxide (20 ml.) and 30% hydrogen peroxide (10 ml.) 
were slowly added. When the vigorous reaction had subsided the whole was heated at 60° 
with stirring for hr. The chloroform was distilled off and the alkaline liquor was acidified with 
10% hydrochloric acid to give a white precipitate of benzoic acid (0-8 g.), m. p. and mixed m. p. 
121°. Ether-extraction of the filtrate gave more benzoic acid (0-25 g., total yield 86%). 

Ozonolysis of the Terphenyls—Commercial o-, m-, and p-terphenyl, purified by chrom- 
atography on alumina followed by repeated crystallisation from light petroleum (b. p. 40—60°) 
or light petroleum—benzene, had m. p. 58°, 89°, and 212° respectively. These were ozonised as 
described above and the results are given in Table 1. The products were characterised by 
mixed m. p.s with authentic specimens. 

Ozonolysis of 1-Phenylnaphthalene.—1-Phenylnaphthalene, b. p. 190—191°/12 mm. (2-04 g., 
10 mmoles), was ozonised in chloroform (60 ml.) at —20° until a 2-molar absorption occurred. 
The solution, after treatment with alkaline peroxide, was acidified to give 3-phenylphthalic acid 
(0-43 g., 18%) as plates, m. p. and mixed m. p. 173° (from aqueous acetone). Its dimethyl ester 
separated from light petroleum (b. p. 60—80°) in prisms, m. p. and mixed m. p. 95—96° 
(Butterworth et al. gave m. p. 181° for the acid and m. p. 94° for the ester). Soda-lime 
decarboxylation of the acid gave biphenyl (75%). 

The acid filtrate was evaporated to dryness and the residue extracted with boiling acetone to 
give a yellow resin. This was chromatographed on silica, to yield o-benzoylbenzoic acid 
(0-46 g., 20%), m. p. and mixed m. p. 128°, on elution with benzene. 

Ozonolysis of 2-Phenylnaphthalene.—Ozone was passed through a solution. of 2-phenyl- 
naphthalene,’ m. p. 102° (2-04 g., 10 mmoles), in chloroform (60 ml.) at —20° until 20 mmoles 
had been absorbed. Treatment with alkaline peroxide followed by acidification of the solution 
gave 4-phenylphthalic acid (0-78 g., 32%) as plates, m. p. and mixed m. p. 193—194° (from 10% 
hydrochloric acid). Its dimethyl ester separated from light petroleum (b. p. 40—60°) in 
prisms, m. p. and mixed m. p. 62° (Butterworth et al.* gave m. p. 194° for the acid and m. p. 
62—63° for the ester). Soda-lime decarboxylation of the acid gave biphenyl (71%). 

Ether-extraction of the aqueous acid filtrate gave a solid which was separated by treatment 
with chloroform into an insoluble fraction yielding phthalic acid (0-15 g.) and a soluble fraction 
giving benzoic acid (0-25 g., 20-5%) on sublimation at 100°/10 mm. The aqueous acid liquors 
remaining after ether-extraction were evaporated to dryness to give a further quantity of 
phthalic acid (0-35 g., total yield 30%). 


The authors thank Dr. H. Boer for his helpful comments, Mr. G. A. Vaughan for the analyses, 
and Mr. F. Brook for technical assistance. 
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754. The Crystal Structure of the Complex Al,Br,,C,H,. 
By D. D. Etey, J. H. TAytor, and S. C. WALLWorK. 


A crystal-structure determination, by two-dimensional Fourier methods, 
of the complex formed by aluminium bromide with benzene, confirms that 
the aluminium bromide exists in the dimeric form in the complex and 
establishes the composition of the solid as Al,Br,,C,H,. The bromine atoms 
in the structure form overlapping, approximately close-packed bands 
extending infinitely along the b crystal axis. The benzene molecules lie in 
spaces between these bands with their planes parallel to the mean planes 
of the bands. The components seem to be held together by van der Waals 
forces but the possibility of charge-transfer interaction, between the 
m-electrons of the benzene rings and the bridge-bromine atoms, is not 
excluded. 


THE binary system aluminium bromide—benzene has been studied by many workers but 
the conclusions about complex formation have not been in agreement. After the earlier 
formulation + of the complex in terms of the aluminium bromide monomer, AlBr3,C,Hg, 
recent work led to one or other of the formule Al,Br,,C,H, ? and Al,Br,,2C,H,.2 Previous 
diffraction studies have given little detailed information. The earlier suggestion by 
Plotnikov e¢ al.1 that crystals of the complex were face-centred cubic was refuted by Fair- 
brother and Field * who obtained powder photographs indicating a low crystal symmetry 
(probably triclinic). Dallinga,®> studying X-ray diffraction by solutions of aluminium 
bromide in benzene, concluded that the diffraction pattern was in reasonable agreement 
with the Al,Br, bridge structure obtained by Palmer and Elliott ® by electron-diffraction 
studies of aluminium bromide vapour. 

Two difficulties probably account for the differing suggestions about the composition 
of the complex. The first is the readiness with which the complex is attacked by traces 
of atmospheric moisture producing the ionic complex [C,H,]*[Al,Br,]~. The second is 
the ease with which the complex loses benzene. In the present investigation these 
difficulties were overcome by preparing very pure complex by vacuum-line techniques and 
by sealing crystals of the complex into thin Pyrex capillary tubes with drops of mother- 
liquor, where they remain stable under the equilibrium vapour pressure of benzene. The 
aims of the investigation were to establish the composition of the solid complex, to confirm 
the dimeric form of aluminium bromide in the complex, and to ebtain structural inform- 
ation which might indicate the nature of the intermolecular forces in the crystal. 


EXPERIMENTAL 


Preparation of the Complex.—Pure aluminium bromide was first prepared by passing bromine 
vapour in a stream of dry nitrogen over aluminium turnings at 300°. The product was 
sublimed twice in vacuo over aluminium turnings and resublimed in vacuo a further 8—10 
times until it was pure white. Benzene was shaken with sulphuric acid, sodium carbonate 
solution, and water, frozen 3 times (with the rejection of the liquid phase, about 20% of the 
whole, on each occasion), dried (CaCl,), refluxed over P,O;, and distilled; the middle fraction 
was collected in a trap containing more P,O, and the liquid was degassed, frozen, evacuated, 


1 Plotnikov and Gratsianskii, Mem. Inst. Chem., Ukrain. Acad. Sci., 1938, 5, 213; Izvest. Akad. 
Nauk S.S.S.R., Otdel. khim. Nauk, 1947, 101; Chem. Abs., 1939, 38, 2432; 1948, 42, 4480; Eley and 
King, Trans. Faraday Soc., 1951, 47, 1287. 

2 Brown and Wallace, J. Amer. Chem. Soc., 1953, 75, 6265; Sang Up Choi, Diss. Abs., 1958, 19, 38. 

3 Van Dyke, J. Amer. Chem. Soc., 1950, 72, 3619. 

* Fairbrother and Field, J., 1956, 2614. 

5 Dallinga, Internat. Union Pure & Appl. Chem., 1953, Abs., p. 172; Proc. Symp. Co-ordination 
Chemistry, Danish Chem. Soc., 1954, p. 134. 

§ (a) Palmer and Elliott, /. Amer. Chem. Soc., 1938, 60, 1852; (b) Akishin, Rambidi, and Zasorin, 
Kristallografiya, 1959, 4, 186. 
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and sealed off. The benzene was then further purified with the aid of aluminium bromide as 
follows. An evacuated bulb containing some resublimed aluminium bromide was broken 
inside the vacuum system by a magnetically operated hammer. The seal of the trap containing 
benzene was similarly broken and the benzene was cold-distilled on to the aluminium bromide, 
the first and the last fraction being rejected. The resulting yellow solution was cold-distilled 
on to lithium aluminium hydride (only the middle fraction being collected) and, after agitation 
for several hours and removal of the hydrogen produced, the dry benzene was cold-distilled 
twice. This benzene was found to give a colourless solution with pure aluminium bromide. 

The complex was prepared by distilling pure benzene on to pure aluminium bromide in a 
vacuum system until, on warming, a homogeneous solution was obtained which deposited 
crystals of the complex when cold. Crystals and mother liquor were transferred to a trap to 
which was attached about 5 cm. of thin-walled Pyrex glass tubing of internal diameter 0-1— 
0-2mm. Lengths of 1—2 cm. of this tubing were sealed off, each containing small quantities 
of liquid and solid. Single crystals were caused to grow in these capillaries by warming them 
on a microscope stage with an electrically heated wire loop. In this way, cylindrical crystals 
filling the whole width of the tube were obtained. They were fairly stable to small temperature 
changes, but the capillaries had to be handled with extreme care because the heat of the hand 
was sufficient to cause the crystals to dissolve in the drop of mother liquor. Powder diffraction 
photographs could be obtained from the capillaries used for single crystal photographs by 
warming the contents and then cooling them rapidly with liquid air to obtain a microcrystalline 
mass of complex. (The lines observed on such powder photographs were in good agreement 
with those reported by Fairbrother and Field,‘ indicating that the complex was the same as that 
studied by these authors.) 

Intensity Data.—It was found possible to crystallise the complex in the capillary tubes so 
as to obtain either the a or the b crystallographic axis or the [101] diagonal of the unit cell 
parallel to the length of the tube. This allowed Weissenberg photographs to be taken with the 
crystals oscillating about these three directions. Cu-K, radiation was used. Intensities of 
the Ok/ and A0/ reflections were measured by Wallwork and Standley’s photometric method ? 
which makes some allowance for the background intensity, which was rather higher than usual. 
Intensities of the hkh reflections, used only in confirmatory syntheses at the end of the structure 
determination, were obtained by visual comparison. Because the crystals completely filled 
the widths of the capillary tubes of known dimensions, the simple absorption corrections for 
cylindrical specimens could be applied. The intensity data were corrected in this way, with 
wu = 190. 

Unit Cell and Composition.—Al,Br,,C,H,. M = 611-5. Triclinic. a = 6-85, b = 6-91, 
c = 9-00 (all 40-02) A. « = 104-6°, 8 = 103-1°, y = 90-0° (all +0-5°). U = 401A. Z=1. 
D, = 2-53. Space group, PI [since the N(z) test indicated centrosymmetry], implying that 
both the Al,Br, and the C,H, components are centrosymmetric. 

A reliable density measurement could not be made because of decomposition of the complex, 
and the above formulation and value of Z were adopted tentatively at first on the basis of the 
comparison of effective volumes. From the cell dimensions and contents for the pure crystalline 
components, the effective volumes are Al,Br, = 269,8* C,H, = 127 ** A’. The sum of these, 
396 A3, is in good agreement with the cell volunie for the complex. These conclusions were 
borne out by the subsequent structure analysis. 

Structure Determination.—Application of the usual corrections to the O0&/ and hOl intensity 
data led to values of F,? which were used in calculating the Patterson projections shown in 
Fig. 1. These suggested two alternative orientations for the Al,Br, molecule; a decision 
between them was then made by an application of inequalities. From this point refinement 
proceeded first by Fourier methods, with F,, (F,-Fp,,), and (F,—Fp,—F4)) ssyntheses, where 
Fp, and F,; represent the contributions of the bromine and aluminium atoms. In the later 
stages, some of the larger structure factors were corrected for extinction by the method of 
Pinnock, Taylor, and Lipson !° and structure factors for unobserved reflections were included 
in the syntheses by assuming them to have a value one-half of the minimum observable value 


7 Wallwork and Standley, Acta Cryst., 1954, '7, 272. 

8 (a) Renes and MacGillavry, Rec. Trav. chim., 1945, 64, 275; (b) Cox, Cruickshank, and Smith, 
Proc. Roy. Soc., 1958, A, 247, 1. 

® Gillis, Acta Cryst., 1948, 1, 174. 

10 Pinnock, Taylor, and Lipson, Acta Cryst., 1956, 9, 173. 
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at the appropriate Bragg angle 8. After several cycles of refinement the disagreement factors R 
for the Oki and AOI reflections were both 0-14 if allowance was made for extinction or 0-25 and 
0-23, respectively, without this correction. At this stage some evidence for the positions of the 
carbon atoms was obtained from the (F,—F,,—F4;) syntheses and it was considered that the 
refinement could best proceed by the least-squares method.™ 

Least-squares refinement and final structure. The 104 Okl and the 107 Ol F, values (not 
corrected for extinction) were combined for a least-squares refinement of the atomic co- 
ordinates and thermal parameters, the facilities of the University of Leeds Electronic Com- 
puting Laboratory being used. The Hughes weighting scheme was employed and the shifts 


Fic. 1. Patterson Okl and hOl projections (contours at arbitrary equal intervals). 














made at the end of each cycle were reduced in the earlier stages to % of the values indicated and, 
in the last two cycles, to 0-3 of the indicated values. Anisotropic thermal parameters were 
derived for the bromine atoms, but only isotropic parameters were derived for the aluminium 
and carbon atoms. After six cycles, R had fallen to 0-12 and the maximum co-ordinate shift 
indicated was less than one standard deviation. This was considered a satisfactory state of 
refinement in view of the rather limited data. 


TaBLE 1. Final atomic co-ordinates in A (e.s.d. in parentheses). 


Atom . * y Zz 

ven, Serre 0-865 (0-006) 6-108 (0-006) 1-274 (0-005) 
MEE. nwnctveunicnpen 2-703 (0-009) 2-059 (0-012) - 0-565 (0-009) 
ei, eee 6-719 (0-009) 2-918 (0-009) 2-514 (0-007) 
IO. -wesstivndenacceces 1-026 (0-019) 1-440 (0-020) 0-925 (0-015) 
RP sustuagaeennenn 4-41 (0-112) 0-94 (0-113) 4-02 (0-080) 
rr 3°78 (0-081) 5-63 (0-116) 4-20 (0-087) 
CP  Sieenteesnbewsd 4-48 (0-090) 6-30 (0-086) 3°76 (0-066) 


TABLE 2. Final thermal parameters and their e.s.d. (in A2). 


(U is the isotropic mean 


square vibration amplitude; Uj correspond to f = f, exp —[U,,h?a*® + Uygh®b*? + 
Uggl*c¥? +. U,hka*b* + Uggklb*c* + U,,hla*c*].) 


Atom U Atom U Atom Uy, Uns Uss U2 Uss Ui3 
Ph saaniaans 0-051 ern 0-093 |) eee 0-058 0-047 0-050 90-005 0-041 0-020 
(e.s.d.... 0-003 0-025) (e.s.d.... 0-003 0-003 0-002 0-005 0-004) 


0-011 





*)) ew 0-107 RAD ssinne 0-077 oo ae 0-085 0-104 0-102 0-083 0-062 
(e.s.d.... 0-024 0-018) (e.s.d.... 0-005 0-007 0-006 — 0-012 0-010) 
ae 0-084 0-074 0-068 0-009 —0-011 0-052 

(e.s.d.... 0-005 0-005 0-003 — 0-008 0-007) 


The final atomic co-ordinates and their estimated standard deviations (e.s.d.) are shown in 
Table 1 and the thermal parameters and estimated standard deviations are shown in Table 2. 
Fourier syntheses showing the electron density projected along the a and b axes were calculated 


11 Hughes, J. Amer. Chem. Soc., 1941, 68, 1737; Cruickshank, Acta Cryst., 1950, 8, 10; 1952, 5, 511. 
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from KF, (some of the large values having been corrected for extinction) and from the signs 
calculated in the sixth least-squares cycle. These electron density maps are shown in Fig. 2. 

Confirmation of the structure from a projection along the [101] cell diagonal. Since one Al-Br 
bond appeared to be unusually short, a check of the structure from an independent set of 
intensities was desirable. For this, the Akh intensities were measured and converted into F, 
values in the usual way. Comparison of these with the corresponding F, values gave a dis- 


Fic. 2. Final Fourier Okl and hOl projections [contours at 0 (broken line), 5, 10, 20,... eA-®; 
crosses indicate the final atomic positions]. 
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Fic. 3. F, and (F,—Fp;) Fourier projections along the [101] cell diagonal (contours as in Fig. 2). Crosses 
indicate the final Al and Br positions. The benzene molecule is shown according to the final ‘‘least- 
squares ’’ positions (broken lines) and as a regular hexagon in a similar orientation (full lines). 
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agreement factor R of 0-21 (53 reflections, no correction for extinction). The J, synthesis and 
the (F,-Fg,) synthesis for this projection gave the electron-density maps shown in Fig. 3. 
The positions of the atoms derived from the least-squares refinement are also shown on these 
maps and the agreement can be seen to be quite satisfactory. 


RESULTS AND DISCUSSION 


Composition of the Complex.—The refinement of the structure confirms the formula 
Al,Br,,C,H, for the complex. The monomeric formula! AIBr;,C,Hg is shown to be 
incorrect by the appearance of Al,Br, molecules in the electron-density maps. Equally, 
the formula * Al,Br,,2C,H, may be rejected because there are no vacant spaces in the 
structure where a second benzene molecule could be accommodated. 

Molecular Dimensions.—The dimensions calculated from the observed atomic positions 


are given in Table 3 in comparison with dimensions for Al,Br, previously obtained by 
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electron diffraction® and X-ray studies. The approximate standard deviations for 
interatomic distances (calculated from the e.s.d. of atomic co-ordinates) are op,_p, 0-02, 
oa.-pr 0-03, and og9.90-2 A. The agreement of the Al,Br, dimensions with those previously 
published is, therefore, satisfactory apart from the short bond Al-Br(2). It is difficult 


TABLE 3. Molecular dimensions in the complex compared with previously published 
dimensions for Al,Brg (in A). (Values in parentheses are calculated from data of other 
authors.) 


Al, Br, Al, Br, Al, Br, 
Complex vapour ® vapour ® solid * 
BP-EEED scccrsocececsviasness 2-37 2-33 + 0-04 2-38 + 0-02 2-34 
PEE Svixanasaecsevaconaie 1-93 2-21 + 0-04 2-22 + 0-02 2-23 
EEE, Ais scnasossutasnnpns 2-39 2-21 + 0-04 2-22 + 0-02 2-33 
TREAD, J sbcssesscnscacsansaes 2-50 2-33 + 0-04 2-38 + 0-02 2-42 
FEE chtaavstrccissoravonians 3°39 3°39 + 0-10 (3-59) 3-14 
iS Re rrrrre 3-68 3°78 + 0-03 (3-84) 3-80 
BED o0cccscccsseecves 3-78 3-72 + 0-03 (3-81) 3°84 
a eee 3-75 3-78 + 0-03 (3-84) 3-85 
(oe 3-70 3-78 + 0-03 (3-84) 3°84 
BREE FOEEEID  vaccscccesccess 3-91 3-78 +. 0-03 (3-84) 3°86 
BIEER FREER) . <osccceccncness 3-50 3-20 + 0-10 (3-12) 3-59 
PE sctencnsvcxccccnnsoss 1-7 
PIED <des sc cscecsecinceues 1-5 
ere 1-2 
Pity rere 91-3° (87°) 82 + 3° (98°) 
ree 118-4 (113) (113) (112) 
RL EIMEEED  o<snccccecesces 107-0 (113) (113) (111) 
Br(2)AIBr(3) .........000-- 121-4 (115) 118 + 3 (115) 
og eee 112-0 (113) (113) (111) 
ly errs 100-0 (113) (113) (109) 
SEGA Saoccacesesceeetes 88-7 (93) (98) (82) 


to see why this should differ so much from the bond Al-Br(3) which has a similar environ- 
ment in the structure and the most probable explanation is that the errors in the atomic 
positions have been underestimated. This is particularly likely in the case of the alu- 


lic. 4. Dimensions for the “ averaged’ molecule Al, Brg. 





minium atom, partly because it is almost completely eclipsed by a bromine atom in each 
of the three projections and partly because diffraction errors from the surrounding bromine 
atoms will tend to accumulate at the position of the aluminium atom. In view of this, 
dimensions for an “‘ averaged ’’’ molecule of symmetry mmm (Do2;) have been calculated 
and are shown in Fig. 4. The deviations of the benzene molecule from the usual regular 
hexagonal structure of side 1-4 A are insignificant. 

Relative Positions and Bonding of the Components.—Fig. 5 shows:layers of atoms in 
several adjacent unit cells of the structure seen in projection along the [101] axis. It can 
be seen that the atoms Br(1), Br(2), and Br(3) of the infinite set of molecules related by 
unit cell translations along 0, together with atoms Br(1’), Br(2’), and Br(3’) of a second 
identical infinite set of molecules related to the first set by the unit cell translation a, form 
an approximately close-packed band of bromine atoms all nearly in the plane of projection. 
This band (whose atoms are represented by broken circles) is infinitely extended along b 
but is limited in width to that of two Al,Br, molecules. In a plane parallel to this band 
but about 3-2 A above it are two further bands of close-packed bromine atoms (represented 
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by full circles). These two bands are identical with the first and they are so arranged 
that the bromine atoms of one of them lie approximately above the interstices in the first 
band, as they would if continuing a three-dimensional close-packed structure of bromine 
atoms. In the appropriate number of tetrahedral holes in the region of overlap are the 
aluminium atoms, linking the overlapping bromine atoms to form the Al,Brg molecules. 








Fic. 5. Atomic and molecular packing 
diagram showing sections perpen- 
dicular to the [101] axis. A band of 
approximately close-packed bromine 
atoms (broken lines) has super- 
imposed on it similar bands of 
bromine atoms and benzene molecules 
(full lines) all approximately in the 
same plane (SS’ of Fig. 6). Alu- 
minium atoms in approximately 
tetrahedral sites link the superimpos- 
ed bands to form Al,Br, molecules. 


Br 





Fic. 6. The interleaving of bands of bromine atoms and benzene molecules as seen in the hOl projection. 


Section SS’ is that represented by full lines in Fig. 5. 
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The benzene molecules shown in Fig. 5 are also in the same plane as the bands of 
bromine atoms represented by full circles. They are therefore also separated per- 
pendicularly by about 3-2 A from the mean plane of the band of bromine atoms represented 
by broken circles. Because of the centre of symmetry at the centre of the benzene ring 
there must be a further parallel band of bromine atoms 3-2 A away on the other side of 
the benzene molecules. This in not indicated in Fig. 5 but it can be seen in Fig 6, which 
shows the contents of several adjacent unit cells projected along the 0b axis. 
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One way of considering the bonding of the benzene molecules is to regard them as 
being held in channels between the overlapping bands of bromine atoms. This is not 
really justified, however, because the sides of the channels are themselves not a continuous 
structure but are largely held together by van der Waals forces. Instead, the benzene 
molecules are better considered as contributing to the bonding of the whole structure by 
their perpendicular and sideways interactions with neighbouring bromine atoms. Of 
these, the perpendicular interactions would seem to be the more significant in view of the 
3-2 A separation from the mean plane of adjacent bromine atoms. However, the shortest 
interatomic distance in this direction is 3-7 A [Br(1)-C(1)] and this is approximately a 
normal van der Waals distance. All the other distances between carbon and bromine 
atoms (perpendicular or sideways) are 4-0 A or more. The conclusion is that solid 
Al, Brg,CgHg is probably a lattice complex, the components being held together by van 
der Waals forces. There is some possibility of charge-transfer interaction between Br(1) 
and the z-electrons of the benzene ring, after the manner of the complex between bromine 
and benzene.!*_ If this is the case, it is not clear which component is the donor and which 
the acceptor, in view of the tendency for the bromine atoms generally and the bridge 
bromine atoms in particular to bear a partial negative charge.4* The weak intermolecular 
forces of a lattice compiex would be consistent with the low heat of formation from the 
molecular components ? and with the low incongruent melting point.! 
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12 Hassel and Stromme, Acta Chem. Scand., 1958, 12, 1146. 
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755. Internuclear Cyclisation. Part XVII.* The Independent Syn- 
thesis of Some N-Methylbenzophenanthridones and Their Formation by 
Internuclear Cyclisation. 


By D. N. Brown, D. H. Hey, and €. W. REEs. 


Unambiguous syntheses of N-methyl-1,2-, -2,3-, and -3,4-benzophenanth- 
ridones are reported. N-Methyl-3,4- and -5,6-benzophenanthridones could 
be isolated from the appropriate internuclear cyclisations but N-methyl-1,2- 
and -2,3-benzophenanthridones could not. Discrepancies in the literature 
of these compounds are clarified and mechanisms are suggested for the 
formation of certain anomalous products of internuclear cyclisation. A 
convenient preparation of l-amino-2-naphthoic acid is reported. 


EARLIER Parts! of this series have described the extension of the Pschorr reaction to 

the preparation of phenanthridones. Further extension ** to the preparation of benzo- 

phenanthridones has led to complex reactions giving a variety of, often isomeric, products. 

It therefore became desirable to synthesise the expected products of ring closure, the 

N-methylbenzophenanthridones, by independent and unambiguous methods. 
N-Methyl-3,4-benzophenanthridone (1).—Decomposition of the diazonium fluoroborate, 
* Part XVI, J., 1961, 232. 


1 Heacock and Hey, J., 1952, 1508, 4059; 1953, 3. 

2 Hey and Turpin, J., 1954, 2471. 

3 Abramovitch, Hey, and Long, J., 1957, 1781. 
6L 
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prepared from 2-amino-N-methylbenzo-2’-naphthalide (II), with copper powder in acetone 
gave a compound, m. p. 198—199°, considered to be N-methyl]-3,4-benzophenanthridone 
(I), the product of normal ring-closure.2, However, this structure was later * assigned 
to another compound, m. p. 120—121°, prepared by methylation of 3,4-benzopkenanthrid- 
one, a product of the Schmidt reaction on 3,4-benzofluorenone. Reaction with methyl 
iodide and subsequent oxidation of 3,4-benzophenanthridine (III), under different condi- 





tions, was reported to give products with melting points 195—198° 2 and 120—121°4 
identical with the above compounds. Investigation of this anomaly started with an 
unequivocal synthesis of 3,4-benzophenanthridine (III), since the earlier syntheses con- 
tained elements of ambiguity. 2-Nitro-l-naphthylamine was prepared by Saunders and 


Hamilton’s method,® that of Meisenheimer and Patzig ® having failed in our hands. This . 


amine was converted into 2-nitro-l-phenylnaphthalene by a Gomberg reaction? and by 
decomposition of the corresponding diazonium fluoroborate in benzene containing acetone, 
copper powder, and magnesium sulphate. Reduction of this nitro-compound to the 
amine and ring closure of the formyl derivative with polyphosphoric acid gave 3,4-benzo- 
phenanthridine (III), identical with that previously described.4® Ring closure of the 
corresponding acetamido-derivative failed. Reaction of the base (III) with methyl iodide 
and subsequent oxidation by the methods of Hey and Turpin ? and Keene and Schofield * 
both gave N-methyl-3,4-benzophenanthridone with m. p. 119—120°, in agreement with 
the latter workers. The nature of the isomeric product, m. p. 198—199°, from 2-amino- 
N-methylbenzo-2’-naphthalide (II) is being investigated; this reaction has now been 
shown to yield the normal cyclisation product, m. p. 119—120°, in addition to the 
compound, m. p. 198—199°. 

N-Methyl-2,3-benzophenanthridone (1V).—The compound with m. p. 198—199° obtained 
by reaction with 2-amino-N-methylbenzo-2'-naphthalide (II) could have been N-methy]-2,3- 
benzophenanthridone (IV) resulting from ring closure at the 6-position of the naphthalene 
ring. Neither this compound nor 2,3-benzophenanthridine has been described previously. 
Unequivocal syntheses from the relatively inaccessible 2,3-disubstituted naphthalenes 
are now described. 6-Acetamido-1,2,3,4-tetrahydro-7-nitronaphthalene was dehydro- 
genated by Barnes’s method !* and hydrolysed," and the 3-nitro-2-naphthylamine con- 
verted, via its diazonium fluoroborate, into 2-nitro-3-phenylnaphthalene and thence into 
Keene and Schofield, J., 1958, 2609. 

Saunders and Hamilton, J]. Amer. Chem. Soc., 1932, 54, 636. 
Meisenheimer and Patzig, Ber., 1906, 39, 2533. 

Hey and Lawton, J., 1940, 374. 

Dr. J. I. G. Cadogan, personal communication. 

Mills and Schofield, J., 1956, 4213. 

10 Hey, Rees, and Wessels, unpublished work. 


™ Ward and Coulson, J., 1954, 4545. 
"2 Barnes, ]. Amer. Chem. Soc., 1948, 70, 145. 
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3-phenyl-2-naphthylamine. As the overall yield by this method was low a new route 
was developed. The diazonium fluoroborate prepared from ethyl 3-amino-2-naphthoate 1% 
was decomposed in benzene to give ethyl 3-phenyl-2-naphthoate, which was hydrolysed 
to 3-phenyl-2-naphthoic acid, identical with that prepared from 2-fluoronaphthalene, 
phenyl-lithium, and carbon dioxide. This acid was converted into 3-phenyl-2-naphthyl- 
amine via the azide by Weisburger and Weisburger’s method }° without the isolation of 
the intermediates. Formylation of this amine followed by cyclodehydration with poly- 
phosphoric acid gave 2,3-benzophenanthridine, which was treated with methyl iodide 
and then oxidised, as before, to N-methyl-2,3-benzophenanthridone (IV), m. p. 174—175°. 
This was not identical with the product, m. p. 198—199°, described above. 

N-Methyl-1,2-benzophenanthridone (V).—It has been reported? that the diazonium 
fluoroborate prepared from 2-amino-N-methylbenzo-1'-naphthalide (VI) was decomposed 
by copper powder in acetone to give benzo-l-naphthalide and two unidentified products. 
The expected product of ring closure is N-methyl-1,2-benzophenanthridone, previously 
unreported in spite of the ready availability of 1,2-benzophenanthridone.1* Methylation 
of the latter proved to be unusually difficult, the normal methods, including use of methyl 
toluene-f-sulphonate, failed presumably because of the same steric hindrance which 
retards the reaction of 1,2-benzophenanthridine with methyl iodide.” Prolonged boiling 
of 1,2-benzophenanthridone with methyl iodide and potassium hydroxide in methyl 
propyl ketone gave the methylated product, m. p. 98—100°, in small yield. This, however, 
was not identical with either of the unidentified products from the reaction with 2-amino- 
N-methylbenzo-1’-naphthalide (VI). 

N-Methyl-5,6-benzophenanthridone (V1I).—A second product obtained by Keene and 
Schofield * in the Schmidt reaction with 3,4-benzofluorenone mentioned above was methy]l- 
ated to give N-methyl-5,6-benzophenanthridone (VII), m. p. 140—141°, which could also 
result from normal ring closure of the diazonium chloride prepared from 1l-amino-N- 
methyl-2-naphthanilide (VIII).4 This compound was in fact thus obtained with m. p. 


; NMe 


NMe NMe 


ae hs ‘ ¢? ‘ 
(VIIT) ~ (VII) (IX) 


137°, but not identified, and later shown to be identical with the compound, m. p. 140— 
141°, by a comparison of their infrared spectra. However, this phenanthridone structure 
was originally assigned * to an isomer, m. p. 158—159°, similarly obtained from the closely 
related N-methyl-N-2-naphthoyl-o-phenylenediamine (IX). The earlier preparation ? of 
l-amino-N-methyl-2-naphthanilide (VIII) started from the inaccessible 1-nitro-2-naphthoic 
acid. In a repetition of the preparation an improved synthesis of 1-amino-2-naphthoic 
acid was developed from 1l-naphthylamine by converting it into «-naphthoxindole,!® then 
into hydroxyimino-«-naphthoxindole,!* and oxidation of the latter with alkaline 30% 
hydrogen peroxide. The N-methyl-anilide (VIII) of this amino-acid gave, on decomposi- 
tion of its diazonium chloride, the same products as before,? namely, 2-naphthanilide and 
two compounds (probably isomers) with m. p.s 137° and 185°, the former now recognised 
as N-methyl-5,6-benzophenanthridone (VII). The compound of m. p. 185° may, like 





13 Mohlau, Ber., 1895, 28, 3096. 

14 Huisgen and Rist, Annalen, 1955, 594, 151. 

‘5 Weisburger and Weisburger, /. Org. Chem., 1958, 28, 1193. 
16 Caronna, Gazzetta, 1941, 71, 481. 

7 Ritchie, J. Proc. Roy. Soc. New South Wales, 1944, 78, 173. 
'8 Hinsberg, Ber., 1888, 21, 110. 
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the other similar reaction products, be a phthalimidine, in this case 2-phenyl-4,5-benzo- 
phthalimidine (X). This structure has been assigned !® to a compound of m. p. 177°, 
formed from 1-naphthaldehyde anil and carbon monoxide at high temperature and pressure. 

Formation of a phthalimidine in this reaction would result from attack (see XI) of 
the N-methyl instead of the N-phenyl group by the diazonium centre, reacting either 
as a free radical or as a carbonium ion, depending on experimental conditions, with loss 
of nitrogen and a hydrogen atom or proton, respectively. This mechanism is similar 
to that thought to be responsible for the abnormal deamination and dealkylation which 
occur when ring closure on to an anilide ring bearing an ortho-substituent, to form (XII), 
is attempted.2 Formation of the new intramolecular bond is prevented, regardless of 
the electronic character of the ortho-substituent (e.g., R = Me, Et, Cl, NO,, CO,H), pre- 
sumably because of the strong repulsion between this substituent and the N-alkyl group 
as the planar configuration of the product is approached (see XII). In accordance with 
this view, normal ring closure occurs once more when the ortho- and N-substituents form 
part of a five-membered ring where this steric repulsion is absent.2° The deamination 
and dealkylation, which always occur together, would result from attack of the diazonium 
centre, again either as a free radical, as shown in (XIII) —» (XIV) —» (XV), or car- 
bonium ion, on a hydrogen of the N-methyl group. 


in Of 
6 CH2-NPh =" 
6) 
<— 
CO on 


(X fe) (XT) (XII) 
(Vv 
ZA “CH, 
, NPh NPh 
fe) O 4,0 CO-NHPh 
_—_—_ -_—_—_—_ 
+ CH20 + He 
X III) (XIV) (XV) 


Evidence for this mechanism is provided by the isolation of benzaldehyde after de- 
composition of the diazonium sulphate prepared from 2-amino-N-benzyl-o-benzotoluidide.™ 
It is difficult to predict whether reaction via the five-membered cyclic transition state (XI) 
or the six-membered cyclic transition state (XIII) will predominate. Closely related 
mechanisms, in the ionic form, have been suggested independently by Cohen, Moran, and 
Sowinski,”* conversions of the type (XIII) —» (XIV), for example, being regarded as a 
1,5-shift of a hydride ion. ' 


EXPERIMENTAL 


Light petroleum refers to the fraction of b. p. 40—60°. 

2-Nitro-1-phenylnaphthalene —(a) A solution of 2-nitronaphthalene-1l-diazonium sulphate 
was prepared from 2-nitro-l-naphthylamine 5 (5-6 g.) in glacial acetic acid (30 ml.) and sodium 
nitrite (2-5 g.) in concentrated sulphuric acid (25 ml.) at 0—5°. Benzene (125 ml.) was added, 
followed by sodium hydroxide solution until the aqueous layer was alkaline. Stirring was 
continued overnight, the benzene layer was separated, and the aqueous layer extracted with 
more benzene. The combined benzene solution was dried (Na,SO,), the solvent removed, 
the dark residue was dissolved in ethanol and treated with charcoal, and the ethanol was 
removed. The residue, in benzene, was thoroughly washed with 5n-hydrochloric acid, followed 


19 Murahashi, J. Amer. Chem. Soc., 1955, 77, 6403. 
© See Plant and Tomlinson, J., 1932, 2188; Humber ef? al., J., 1954, 4622. 
*1 Turpin, Ph.D. Thesis, Univ. of London, 1955. 

2 Cohen, Moran, and Sowinski, ]. Org. Chem., 1961, 26, 1. 
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by water. The dried (Na,SO,) benzene solution was reduced in volume and passed over alumina 
which was then eluted with benzene to yield a solid (0-48 g.), m. p. 111—113°. Crystallisation 
from light petroleum gave 2-nitro-1-phenylnaphthalene in pale yellow needles (0-44 g.), m. p. 
128—130° (Found: C, 77-1; H, 4-4. C,,H,,NO, requires C, 77-1; H, 45%). 

(6) 2-Nitro-1-naphthylamine (2 g.) in sulphuric acid (10 ml.) and water (20 ml.) was diazotised 
with sodium nitrite (1 g.) in water (10 ml.), and the solution was stirred at 0° for 1 hr., filtered, 
and diluted with water (10 ml.). Sodium fluoroborate (2-5 g.) in water (10 ml.) was then added 
slowly at 0° with stirring and after 15 min. the precipitate was collected, washed with ice-water, 
ice-cold ethanol, and ether, and dried in vacuo. Crystallisation from acetone-ether gave 
2-nitronaphthalene-1-diazonium fluoroborate (0-6 g.), m. p. 127° (Found: C, 41-5; H, 3-0. 
C,,5H,BF,N,O, requires C, 41-8; H, 2-1%). This fluoroborate (1 g.) was added to a vigorously 
stirred suspension of magnesium sulphate (7 g.) and copper powder (2-5 g.) in benzene (50 ml.) 
and acetone (5 ml.). The mixture was stirred for 5 hr., set aside overnight, and filtered, and 
the solid was extracted with hot benzene (5 x 50 ml.). The combined solutions were reduced 
in volume and passed over alumina; elution with benzene yielded a solid which crystallised 
from light petroleum to give 2-nitro-l-phenylnaphthalene (0-2 g.), m. p. 128—130°, identical 
with the product prepared by method (a). 

1-Phenyl-2-naphthylamine.—To a hot solution of this nitro-compound (0-4 g.) and hydrazine 
hydrate (1 ml.) in ethanol (80 ml.) enough Raney nickel was added to decompose the hydrazine 
completely. After 1 hr. the solution was boiled and filtered, the filtrate was evaporated, and 
the residual gum was dried in vacuo over sulphuric acid. Crystallisation from light petroleum 
gave the amine (0-3 g.), m. p. 93—94°, as recorded in the literature.® 23 

3,4-Benzophenanthridine.—2-Formamido-1-phenylnaphthalene ® was stirred with an excess 
of polyphosphoric acid at 150° for 2 hr. The mixture was allowed to cool to 60° and poured 
with stirring on ice. An excess of aqueoiis ammonia was added and the precipitate crystallised 
from light petroleum in colourless needles of 3,4-benzophenanthridine, m. p. 108—110°, identical 
with that prepared by Hey and Turpin.* No crystalline solid could be isolated from similar 
treatment of the corresponding acetyl derivative. 

2-A cetamido-3-nitronaphthalene (cf. ref. 12).—6-Acetamido - 1,2,3,4-tetrahydro -7 - nitro - 
naphthalene 1 (0-44 g.) was boiled under reflux with N-bromosuccinimide (0-68 g.) and benzoyl 
peroxide (0-02 g.) in carbon tetrachloride (60 ml.) for l hr. Acetic acid (1 ml.) and fused potas- 
sium acetate (3 g.) were then added and boiling was continued for a further hour. The mixture 
was cooled and poured on ice and sodium hydroxide (2 g.) with stirring. The product was 
extracted with ether, and the extracts were dried (Na,SO,) and evaporated. Crystallisation 
of the residue from light petroleum gave the yellow nitro-amide (0-17 g.), m. p. 130—131°, in 
agreement with Ward and Coulson.!! 

2-Nitro-3-phenylnaphthalene.—3-Nitro-2-naphthylamine ™ (0-5 g.) in sulphuric acid (2-5 ml.) 
and water (5 ml.) was diazotised with sodium nitrite (0-5 g.) in water (2-5 ml.) and then treated 
with sodium fluoroborate (1 g.) in water (5 ml.) as described above. Crystallisation from 
acetone-ether gave 3-nitronaphthalene-2-diazonium fluoroborate (0-44 g.), m. p. 130—132° 
(decomp.) (Found: C, 42-6; H, 2-35. C,H,BF,N,O, requires C, 41:8; H, 2-1%). The 
fluoroborate (0-8 g.) was decomposed in benzene (80 ml.) containing acetone (8 ml.), magnesium 
sulphate (8 g.), and copper powder (3 g.) as described above. The product was similarly purified 
by chromatography on alumina, followed by several crystallisations from light—petroleum, to 
give yellow 2-nitro-3-phenylnaphthalene (0-11 g.), m. p. 99—101° (Found: C, 76-8; H, 4-6. 
C,,H,,NO, requires C, 77-1; H, 4-5%). 

3-Phenyl-2-naphthoic Acid.—Ethy1 3-amino-2-naphthoate !% (2 g.) was diazotised in hydro- 
chloric acid and converted, as described above, into 3-ethoxycarbonylnaphthalene-2-diazonium 
fluoroborate (2-33 g.), m. p. 140—142° (decomp.) (from acetone-ether) (Found: C, 50-4; H, 3-5. 
C,3;H,, BF,N,O, requires C, 49-7; H, 3-5%). This was decomposed in benzene as in the previous 
example. Evaporation of the combined benzene solutions left a gum which was hydrolysed 
with aqueous-ethanolic potassium hydroxide. After removal of the ethanol, alkali-insoluble 
material was extracted with ether, and the aqueous solution was acidified. The dried precipitate 
crystallised from light petroleum to give 3-phenyl-2-naphthoic acid (1-5 g.), m. p. 165—166°, 
converted by concentrated sulphuric acid into 2,3-benzofluorenone, m. p. 150—151°. Huisgen 
and Rist ™ record m. p.s 163—166° and 150—151°, respectively, for these two compounds. 


23 Zaugg, Freifelder, and Horrom, J. Org. Chem., 1950, 15, 1197. 
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Methyl anthranilate was similarly converted into o-methoxycarbonylbenzenediazonium fiuoro- 
boraie (41%), m. p. 99—101° (decomp.) (Found: C, 39-3; H, 2-9. C,H,BF,N,O, requires 
C, 38-4; H, 28%), which decomposed in benzene under the above conditions to yield methyl] 
biphenyl-2-carboxylate (21%), b. p. 308°. 

3-Phenyl-2-naphthylamine (cf. ref. 15).—3-Phenyl-2-naphthoic acid (0-7 g.) was converted 
with thionyl] chloride into its acid chloride. Toastirred solution of the latter in acetone (25 ml.), 
sodium azide (0-3 g.) in water (2 ml.) was added in the cold and the stirring continued for 3 hr., 
then water (36 ml.) was added and the solution extracted with ether. The dried (Na,SO,) 
ethereal solution was evaporated and the residual gum was heated under reflux with acetic 
anhydride (5 ml.) for 3hr. Acetic anhydride was removed in vacuo and the residue hydrolysed 
during 3 hr. by boiling ethanolic hydrochloric acid. The mixture was filtered hot, boiled to 
remove ethanol, and basified at 0° with aqueous ammonia. A buff solid, obtained by extraction 
with ether, crystallised from light petroleum to give 3-phenyl-2-naphthylamine (0-2 g.), m. p. 
96—97° (Found: C, 87-3; H, 6-0. C,,H,,;N requires C, 87-6; H, 5-9%). This amine was 
identical with that obtained by reduction of 2-nitro-3-phenylnaphthalene with hydrazine and 
Raney nickel. Heating under reflux with anhydrous formic acid gave the formyl derivative, 
m. p. 125—126° (Found: C, 81-3; H, 5-6. C,,H,,NO requires C, 81:7; H, 5-3%). 

2,3-Benzophenanthridine.—2-Formamido-3-phenylnaphthalene (0-3 g.) was stirred with an 
excess of polyphosphoric acid at 150° for 2 hr. The mixture was allowed to cool to 60° and 
poured with stirring on ice. An excess of aqueous ammonia was added and the precipitate 
was crystallised twice from light petroleum to give needles of 2,3-benzophenanthridine (0-14 g.), 
m. p. 146—147° (Found: C, 89-6; H, 4-85. C,,H,,N requires C, 89-1; H, 4:8%). 

N-Methyl-2,3-benzophenanthridone (cf. ref. 4).—2,3-Benzophenanthridine (0-2 g.) was boiled 
under reflux with an excess of methyl iodide for 1 hr. and the methyl iodide removed. The 
resulting methiodide was dissolved in hot dioxan (5 ml.) and water (5 ml.), and a solution of 
potassium hydroxide (0-3 g.) in water (1 ml.) was added, followed by potassium ferricyanide 
(0-46 g.) in water (4 ml.). The mixture was heated on the water bath for 30 min. with occasional 
shaking, allowed to cool, diluted with water (20 ml.), and extracted with chloroform. Evapor- 
ation of the dried (Na,SO,) extracts gave an oil, which solidified on trituration with light petrol- 
eum. Recrystallisation from the same solvent gave N-methyl-2,3-benzophananthridone in 
colourless needles, m. p. 174—175° (Found: C, 82-9; H, 5-3. C,,H,,NO requires C, 83-4; 
H, 5-0%). 

N-Methyl-1,2-benzophenanthridone (cf. ref. 24).—1,2-Benzophenanthridone #* (0-86 g.), 
powdered potassium hydroxide (0-6 g.), and methyl propyl ketone (10 ml.) were boiled under 
reflux and methyl iodide (1 ml.) was added. Similar quantities of methyl iodide were added 
after approximately every 10 hr. during 50 hr. The mixture was filtered, the residue was 
washed with acetone, and the combined solutions gave, on evaporation, a red tar, which was 
dissolved in ethanol and treated with a saturated ethanolic solution of picric acid. Re- 
crystallisation of the precipitate from ethanol gave N-methyl-1,2-benzophenanthridone picrate 
in orange needles, m. p. 136—137° (Found: C, 59-0; H, 3-5. C,,H,,NO,C,H,;N,O, requires 
C, 59-0; H, 3-3%). This picrate in ethanol was adsorbed on alumina; elution with ethanol 
gave an oil which crystallised from light petroleum in pale yellow prisms of N-methyl-1,2- 
benzophenanthridone (5%), m. p. 98—100° (Found: C, 83-8; H, 5-1. C,gH,,;NO requires 
C, 83-4; H, 5-0%). 

1-Amino-2-naphthoic Acid.—To hydroxyimino-«-naphthoxindole !* (5 g.) in 10% aqueous 
sodium hydroxide, 30% aqueous hydrogen peroxide (10 ml.) was added dropwise with stirring. 
Stirring was continued until effervescence ceased. The solution was then heated with charcoal, 
filtered, cooled to 0°, and made acid to Congo Red with 2n-hydrochloric acid. The gelatinous 
precipitate was collected, redissolved in 10% aqueous sodium hydroxide, and reprecipitated at 
0° with 2n-hydrochloric acid to give 1-amino-2-naphthoic acid (3-0 g.), m. p. 205°. 

1-Amino-N-methyl-2-naphthanilide Hydrochloride.—This acid (3 g.) and phosphorus tri-(N- 
methylanilide) (2 g.) in dry toluene (100 ml.) was heated under reflux for 2 hr. The mixture 
was filtered, the filtrate evaporated to dryness, and the residue extracted with chloroform. 
The gummy solid, which was insoluble in the toluene, was extracted with 10% aqueous sodium 
hydroxide and then with chloroform. The combined chloroform solutions were dried (Na,SO,) 
and the solvent was removed. The residue was extracted with anhydrous ether and to this 


*4 Pachter and Kloetzel, J. Amer. Chem. Soc., 1952, 74, 1321. 
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solution saturated dry ethereal hydrogen chloride was added. The amine hydrochloride (1-8 g.) 
had m. p. 167—170° after recrystallisation from ethanol-ether saturated with hydrogen chloride. 
Abramiovitch, Hey, and Long® record m. p. 170—171°. The diazonium chloride prepared 
from this amine hydrochloride (1-5 g.) was decomposed by copper powder in water as described 
previously,’ the crystalline products isolated being 2-naphthanilide (0-12 g.), m. p. and mixed 
m. p. 166—168°, N-methyl-5,6-benzophenanthridone (0-1 g.), m. p. and mixed m. p. 137°, 
and a very small amount of a yellow solid, m. p. 180—183°, in agreement with the earlier 
work.’ 


We thank Dr. K. Schofield for kindly supplying specimens of N-methyl-3,4- and -5,6-benzo- 
phenanthridone, Drs. Cohen, Moran, and Sowinski for an account of their work before its 
publication, and the Department of Scientific and Industrial Research for a Research Student- 
ship to D. N. B. 
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756. Organic Peroxides. Part V.1_- The Decomposition of 
Di-(9-phenyl-9-fluorenyl) Peroxide. 
By J. I. G. Capocan, D. H. Hey, and W. A. SANDERSON. 


Thermal decomposition of di-(9-phenyl-9-fluorenyl) peroxide in cumene 
gives 9-phenylfluoren-9-ol, 2-(9-phenoxy-9-fluorenyl)-2-phenylpropane, and 
9,9’-diphenoxy-9,9’-bifluorenyl. No bi-«-cumylis formed. The correspond- 
ing decomposition in nitrobenzene is more complex and interaction with the 
nitro-group occurs. 


ALTHOUGH many references to di-(9-phenyl-9-fluorenyl) peroxide (I) exist,? its thermal 
decomposition in solution has never been studied. In theory the peroxide might be 
expected to decompose to give the 9-phenylfluoren-9-oxy-radical (II), which could then 
react further (a) by undergoing the Wieland rearrangement ° to give the 9-phenoxyfluorenyl 
radical (III), (b) by ring fission to give a 2-benzoylbiphenyly] radical (IV), or (c) by loss of 
a phenyl radical with the formation of fluorenone. In order to determine the actual mode 
of decomposition the peroxide has been allowed to decompose in cumene and in nitro- 
benzene, and the products of these reactions have been investigated. 


, OPh 











= al (IV) (II) (III) 


From the products of the decomposition in cumene it is clear that reactions (b) and (c) 
are not operative. The isolation of 9-phenylfluoren-9-ol indicates that hydrogen abstrac- 
tion from the solvent by the 9-phenylfluoren-9-oxy-radical (II) occurs, thus releasing an 
equivalent amount of free a«-dimethylbenzyl radicals, which usually appear as the dimer, 


1 Part IV, Cadogan, Hey, and Sanderson, J., 1960, 4897. 

* (a) Gomberg and Cone, Ber., 1906, 39, 1461, 2957; (b) Staudinger, Ber., 1906, 39, 3060; (c) Bassey, 
Buncel, and Davies, J., 1955, 2550. 

3 Wieland, Ber., 1911, 44, 2550. 
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2,3-dimethyl-2,3-diphenylbutane (bi-«-cumyl). No trace of the latter was found in this 
case but a compound was isolated which is formulated as 2-(9-phenoxy-9-fluoreny])-2- 
phenylpropane (V), formed in equivalent amount by reaction of the rearranged 9-phenyl- 
fluoren-9-oxy-radical with an ««-dimethylbenzyl radical. That the product is the isomeric 


Ph 
O-CMe,Ph 
3 (VJ) 


aa-dimethylbenzyl ether (VI) of 9-phenylfluoren-9-ol cannot be entirely discounted, but 
Kharasch et al. have shown that, in the decomposition of the related triphenylmethy] 
peroxide in cumene, aa-dimethylbenzyl radicals react exclusively with the rearranged 
alkoxy-radicals. Thus the hydrogen abstraction by the 9-phenylfluoren-9-oxy-radical 
competes with rearrangement to give the 9-phenoxyfluoreny] radical which does not, how- 
ever, react by hydrogen abstraction, since no 9-phenoxyfluorene was detected. The 
isolation of 2-(9-phenoxy-9-fluorenyl)-2-phenylpropane (V), but not of bi-«-cumyl, is 
further evidence that reaction between unlike radicals is a favoured process.5 The major 
product of the reaction is formulated as 9,9’-diphenoxy-9,9’-bifluorenyl (VII), the expected 
product of dimerisation of the remaining 9-phenoxyfluoreny] radicals. 

The results of the decomposition in nitrobenzene are less satisfactory and the reaction 
is evidently complex. The main product was an intractable black solid although a small 
amount of 9-phenylfluoren-9-ol was isolated. It is well known ® that more stable free 
radicals such as benzyl, triphenylmethy], and 2-cyano-2-propyl radicals react with aromatic 
nitro-groups to give complex mixtures for which a common precursor (VIII; R = Ph:CH,,, 
Ph,C-, NC-CMe,°) has been proposed, and in this case a solid, having elemental composition 
corresponding to that of (VIII) (R = 9-phenoxy-9-fluorenyl) was isolated. It is therefore 
possible that reaction of the 9-phenoxy-9-fluorenyl radical with the nitro-group had 
occurred in this case, although no direct evidence is available. 





(VII) 


EXPERIMENTAL 


Nitrobenzene and cumene were purified as previously described.’ 

9-Phenylfiuoren-9-ol.—The method of Arcus and Coombs § was used. The solvated product 
(m. p. 94—97-5°) crystallised from carbon tetrachloride and lost solvent of crystallisation after 
90 min. at 120° to give a product, m. p. 111—112°. Arcus and Coombs, who reported m. p. 85°, 
noted that Ullmann and von Wurstemberger ® reported m. p. 107°, and concluded that the 
product is dimorphic. 

Di-(9-phenyl-9-fluorenyl) Peroxide.—9-Phenylfluoren-9-ol (20 g.) in ether (40 ml.) was stirred 
magnetically with 85% w/v hydrogen peroxide * (40 ml.) and sulphuric acid (0-15 ml.; d 1-8) for 
10 hr. at room temperature. (Special precautions against explosion were taken.*) Water 
(100 ml.) was added and the ether layer was washed with alkali and dried (MgSO,). Evapor- 
ation of the solvent left a yellow syrup (20 g.; 70% hydroperoxide content). Sulphuric acid 


* It should be noted that mixtures containing organic material and hydrogen peroxide of this 
strength sometimes explode (see Criegee and Dietrich, Annalen, 1948, 560, 135), although some twenty 
experiments of the type described above were carried out without incident. 


4 Kharasch, Poshkus, Fono, and Nudenberg, J. Org. Chem., 1951, 16, 1458. 
5 Cf. McBay, Tucker, and Groves, J. Org. Chem., 1959, 24, 536. 

® See Jackson and Waters, J., 1960, 1653. 

? Cadogan, Hey, and Sanderson, J., 1958, 4498. 

8 Arcus and Coombs, J., 1954, 3977. 

® Ullmann and von Wurstemberger, Ber., 1904, 37, 73. 
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(1-0 ml.; d 1-8) in ether (10 ml.) was added to a mixture of the crude hydroperoxide (20 g.), 
9-phenylfluoren-9-ol (20 g.), and acetic acid (50 ml.) in ether (50 ml.). After 15 hr. at room 
temperature ethanol (10 ml.) was added to precipitate crude di-(9-phenyl-9-fluorenyl) peroxide 
(20-5 g.), m. p. 183—187°. The peroxide crystallised in an unsolvated form (m. p. 194—195°) 
from NN-dimethylformamide. Bassey, Buncel, and Davies * reported m. p. 193° for the 
peroxide obtained by heating the benzene-solvated product at 100°/1 mm. for 2 hr. 

Decomposition of Di-(9-phenyl-9-fluorenyl) Peroxide.—(a) In cumene at 115°. The peroxide 
(3-026 g.) in cumene (150 ml.) was kept at 115° under nitrogen for 3 days. The bulk of the 
solvent was removed under nitrogen through a 25 cm. Fenske helix-packed column and suitable 
distillation-head. The residue (20 ml.) was cooled in ice, and the yellow solid (1-096 g.; m. p. 
240—250°) which separated was collected and washed with light petroleum (b. p. 40—60°). The 
filtrate, on evaporation to dryness, left a residue, which was dissolved in hot benzene (15 ml.). 
The solid (0-07 g.) which separated was identical with the first product obtained. The benzene 
filtrate was chromatographed on alumina as follows: (i) light petroleum (b. p. 60—80°) gave 
colourless crystals (0-680 g.), m. p. 144—148°; (ii) light petroleum (b. p. 60—80°)—benzene (4 : 1) 
gave a colourless solid (0-310 g.) identical with the substance of m. p. 240—250° (above); 
(iii) benzene—chloroform (3: 1) gave an unidentified solid (0-1 g.), m. p. 145—155°, not identical 
with that from fraction (i); (iv) chloroform gave an orange gum (0-964 g.). 

Fraction (i) recrystallised from ethanol in needles, m. p. 147—-148° (Found: C, 88-8; H, 6-4. 
C,,H,,O0 requires C, 89-3; H, 64%). The infrared spectrum showed strong absorption at 8-0 p 
and a strong triplet in the range 9-45—9-8 y (aryl alkyl ether). By comparison with the work of 
Kharasch et al.4 the compound is regarded as 2-(9-phenoxy-9-fluorenyl)-2-phenylpropane. The 
solids (m. p. 240—-250°) initially obtained were combined with that obtained from fraction (ii) 
and recrystallised from chloroform-ethanol to give a product, m. p. 230—245° (decomp.) 
(Found: C, 85-1; H, 5-2%; M, 555. C,,H,,O, requires C, 88-7; H, 5-1%; M, 514). The 
substance was shown not to be solvated by the fact that no loss of weight occurred at 
100°/0-1 mm. Repeated purifications by crystallisation did not improve the m. p. or analysis. 
The presence in the infrared spectrum of typical aryl alkyl ether peaks together with the 
observed molecular weight, suggested the formulation C,,H,,O,, 7.e., the Wieland dimer, 9,9’-di- 
phenoxy-9,9’-bifluorenyl. The product from fraction (iv) on chromatography gave 9-phenyl- 
fluoren-9-ol (0-692 g.), m. p. and mixed m. p. 109—110°, on recrystallisation from ethanol. 

(b) In nitrobenzene at 211°. The peroxide (2-838 g.) was boiled under reflux under nitrogen 
in nitrobenzene for 17 hr. After being washed with dilute alkali, which extracted only a trace 
(0-01 g.) of acidic material, and dilute acid, the bulk of solvent was removed by distillation. 
Distillation (0-1 mm.) of the residue gave a red liquid (1-341 g.), b. p. 105—120°, and a residue 
(2-984 g.), b. p. >230°. A portion (1-329 g.) of the distillate on chromatography on alumina 
gave (i) nitrobenzene (0-168 g.), (ii) a yellow oil (0-694 g.), which contained three unidentified 
major components (by gas-liquid chromatography) which were not mononitrobiphenyls, nitro- 
phenyl] pheny] ethers, or fluorenone, and (iii) 9-phenylfluoren-9-ol (0-1 g.), m. p. and mixed m. p. 
106—109°. A portion (1-302 g.) of the residue from the distillation (black crystals, m. p. 190— 
235°) could not be resolved by chromatography on alumina. Purification of the solid by 
precipitation from acetone solution by the addition of light petroleum (b. p. 40—60°) gave a 
product of m. p. 245—260° (Found: C, 85-3; H, 4-7; N, 1-5. CygH,,NO, requires C, 85-0; H, 
5-0; N, 2:2%). 


This work was carried out during the tenure (by W. A. S.) of a Peter Spence Fellowship. 


KinG’s COLLEGE, STRAND, LONDON, W.C.2. [Received, March 21st, 1961.]} 
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757. 8-Phenylisoquinolines. 
By Yusur AHMAD and D. H. Hey. 


Methods for the preparation of 8-phenylisoquinolines have been explored. 
Three members of this class have been prepared. 


In an attempt to fine new routes for the syntheses of the aporphine alkaloids, attention 
has been devoted to the preparation of isoquinolines substituted in the 8-position by a 
phenyl or substituted phenyl group. The interposition of a methylene group between 
the 1-position in the isoquinoline structure and the 2’-position in the phenyl group results 
in the formation of the aporphine ring system. Derivatives of 8-substituted isoquinoline 
are not easily accessible. Neither 8-phenylisoquinoline nor any of its substituted deri- 
vatives have been previously described. 

Nitration of 7-methoxyisoquinoline by Kulka’s method? gave 7-methoxy-8-nitroiso- 
quinoline, which on reduction with Albert and Linnell’s stannous chloride reagent ? gave 
8-amino-7-methoxyisoquinoline in 80% yield. Catalytic hydrogenation of the nitro- 
compound over palladium-charcoal gave the same base in almost quantitative yield. 
Successive acetylation and nitrosation gave 7-methoxy-8-nitrosoacetamidoisoquinoline, 
which decomposed in benzene solution to give 7-methoxy-8-phenylisoquinoline together 
with a little biphenyl. 

5-Aminoisoquinoline was converted into 5-chloroisoquinoline and 5-chloro-8-nitroiso- 
quinoline by Manske and Kulka’s method.* Catalytic reduction of the latter gave 8-amino- 
5-chloroisoquinoline in quantitative yield. For larger batches it was more convenient 
to use Albert and Linnell’s reagent,? which gave the base in 90% yield. Successive 
acetylation and nitrosation gave 5-chloro-8-nitrosoacetamidoisoquinoline, which de- 
composed in benzene solution to give 5-chloro-8-phenylisoquinoline. 

The application of Mosby’s method * of dehalogenation of aromatic compounds with 
ethanolic hydrazine hydrate in the presence of a palladium-—charcoal catalyst to 5-chloro- 
8-nitroisoquinoline resulted in the smooth removal of chlorine with simultaneous reduction 
of the nitro-group to give 8-aminoisoquinoline in 81% yield. In similar manner, 8-amino- 
5-chloroisoquinoline was dehalogenated to 8-aminoisoquinoline in 98% yield. This 
method is superior to that of Osborn, Schofield, and Short,5 who prepared 8-aminoiso- 
quinoline from 5-chloro-8-nitroisoquinoline by hydrogenation over palladium—calcium 
carbonate in the presence of ammonium acetate. The latter method in our hands generally 
gave good yields on the small scale, but when it was applied to larger batches the results 
were not reproducible. Successive acetylation and nitrosation of 8-aminoisoquinoline 
gave 8-nitrosoacetamidoisoquinoline, which decomposed in benzene solution to give 
8-phenylisoquinoline in low yield. 8-Phenylisoquinoline was also obtained in 85% yield 
by dehalogenation of 5-chloro-8-phenylisoquinoline with hydrazine hydrate in the presence 
of palladium-charcoal. 

Condensation of o-phenylbenzaldehyde with aminoacetal gave o-phenylbenzylidene- 
aminoacetal, but attempts to effect cyclisation to 8-phenylisoquinoline failed. Benzyl- 
ideneaminoacetals substituted in the ortho-position are known to give poor results in the 
Pomeranz-Fritsch reaction.® 

EXPERIMENTAL 


‘M. p.s are uncorrected. For chromatography activated alumina (type ‘“‘H,” 100—200 
mesh; Peter Spence and Sons Ltd.) was used. The light petroleum used had b. p. 40—60°. 
8-A mino-7-methoxyisoquinoline.—(a) A solution of 7-methoxy-8-nitroisoquinoline ! (4-1 g.) 


1 Kulka, J. Amer. Chem. Soc., 1953, 75, 3597. 

? Albert and Linnell, J., 1936, 1617. 

3’ Manske and Kulka, Canad. J. Res., 1949, 27B, 163. 
* Mosby, Chem. and Ind., 1959, 1348. 

5 Osborn, Schofield, and Short, J., 1956, 4191. 

® Gensler, Org. Reactions, 1951, 6, 191. 
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in a minimum of glacial acetic acid was added slowly, with stirring and cooling, to the anhydrous 
stannous chloride reagent (160 ml.), prepared as described by Albert and Linnell.2 The 
solution was left overnight at room temperature. The white complex was filtered off and washed 
with a little glacial acetic acid. The precipitate was suspended in a little ice-cold water and 
decomposed with 30% aqueous sodium hydroxide. The amine was collected, washed with 
cold water, and dried (2-8 g.). Crystallisation from benzene (charcoal) gave yellow needles, 
m. p. 155—156° (Kulka ! reported m. p. 156—157°). (b) The nitro-compound (2-04 g.) in 
acetone (50 ml.) was hydrogenated at room temperature and pressure in the presence of 
palladium—charcoal (5%; 0-4 g.). On filtration, the yellow solution of the amine exhibited a 
green fluorescence. Evaporation gave the amine (1-74 g.), which separated from benzene as 
yellow needles, m. p. 155—156°. The base (1-74 g.) was acetylated with acetic anhydride (8 
ml.) and a drop of perchloric acid by boiling for 5 min. and then at room temperature for 2 hr. 
The mixture was then poured on crushed ice and neutralised. Crystallisation of the solid (2-0 
g-) from acetone (charcoal) gave 8-acetamido-7-methoxyisoquinoline as prisms, m. p. 193—194° 
(Found: C, 66-4; H, 5-7. C,.H,.N,O, requires C, 66-6; H, 5-6%). 

7-Methoxy-8-phenylisoquinoline.—To a well stirred mixture of 8-acetamido-7-methoxyiso- 
quinoline (4-0 g.), fused potassium acetate (12-0 g.), glacial acetic acid (16 ml.), acetic anhydride 
(12 ml.), and phosphoric oxide (0-4 g.), was added dropwise a solution of nitrosyl chloride in 
acetic anhydride (13 ml.; 25%) at 0—5°. The thin yellow paste was stirred for another 20 min. 
and then poured on crushed ice containing aqueous alkali (32-0 g. of sodium hydroxide). On 
vigorous stirring a yellow oil separated, which solidified. It was quickly filtered off, washed 
with ice-cold water, and dried in vacuo (KOH) below 5° (4-0 g.). Crystallisation of a small 
portion from cold dry ether (charcoal) gave 7-methoxy-8-nitrosoacetamidoisoquinoline as pale 
yellow microneedles, m. p. 82—83° (decomp.) (Found: C, 55-3; H, 5-0. C,,H,,N,03,H,O 
requires C, 54-7; H,4-9%). The nitroso-compound decomposed when kept at room temperature 
for a few days. A solution of the nitroso-compound (3-5 g.) in ‘“‘AnalaR’’ benzene (100 
ml.) was boiled for 20 hr. with exclusion of moisture. Nitrogen was evolved and the 
solution became dark red; removal of benzene gave a dark-red residue, which was distilled 
with steam. A very small quantity of biphenyl was collected, m. p. and mixed m. p. 68—69° 
after crystallisation from benzene. The steam-involatile residue was collected, dried, and 
extracted with chloroform. The dried (Na,SO,) extract, after removal of excess of the solvent, 
was passed down a column of alumina, which was eluted with light petroleum—benzene (1: 1). 
7-Methoxy-8-phenylisoquinoline (0-8 g.) was obtained, which crystallised from the same solvent 
as needles, m. p. 134—135° (Found: C, 81-5; H, 5-8; N, 5-8. C,,H,,;NO requires C, 81-7; 
H, 5-5; N, 5-9%). Its solution in dilute mineral acids or organic solvents exhibited a green 
fluorescence. Its picrate separated from benzene as bright yellow microneedles, m. p. 221-5— 
223-5° (Found: C, 56-9; H, 3-5. C,,H,,NO,C,H,N,O, requires C, 56-9; H, 3-45%). 

8-A mino-5-chloroisoquinoline.—(a) Freshly prepared palladium-—charcoal (5%; 0-2 g.) in 
acetone was shaken with hydrogen for $ hr. 5-Chloro-8-nitroisoquinoline * (1-0 g.) in acetone 
(50 ml.) was added, and shaking was continued until the theoretical quantity of hydrogen had 
been absorbed (about 1 hr.). Removal of solvent from the filtered solution left 8-amino-5- 
chloroisoquinoline in almost quantitative yield. Crystallisation from benzene (charcoal) gave 
pale yellow needles, m. p. 201—202° (decomp.). Manske and Kulka® recorded m. p. 201— 
202°. (b) A solution of 5-chloro-8-nitroisoquinoline (21-0 g.) in the minimum of glacial acetic 
acid was added with stirring to the anhydrous stannous chloride reagent (600 ml.).2 The 
yellow solution, on being kept overnight, deposited the stannic chloride complex, which was 
filtered off, washed with a little glacial acetic acid, suspended in ice-cold water, and decomposed 
with aqueous sodium hydroxide. The free amine (16-0 g.) was collected, washed with cold 
water, and dried. Crystallisation from benzene (charcoal) gave pale yellow needles, m. p. 
201—202° (decomp.). 8-Amino-5-chloroisoquinoline exhibits an intense blue fluorescence 
when dissolved in organic solvents or dilute mineral acids. The monopicrate separated from 
ethanol as bright red microneedles, m. p. 234—235° (decomp.) (Found: N, 17:3. 
C,H,CIN,,C,H,N,O, requires N, 17-2%). Acetylation of the base (9-0 g.) with boiling acetic 
anhydride (50 ml.) gave 8-acetamido-5-chloroisoquinoline (9-5 g.), which crystallised from 
benzene (charcoal) as microneedles, m. p. 209—210° (Found: C, 59-9; H, 3-8; Cl, 16-2. 
C,,H,CIN,O requires C, 59-8; H, 4-0; Cl, 16-3%). 

5-Chloro-8-phenylisoquinoline.—A 25% solution of nitrosyl chloride in acetic anhydride 
25-6 ml.) was added dropwise to a well-stirred mixture of 8-acetamido-5-chloroisoquinoline 
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(8-0 g.), fused potassium acetate (24-0 g.), glacial acetic acid (32 ml.), acetic anhydride (24 ml.), 
and phosphoric oxide (0-8 g.), at 0—5°. Stirring was continued for another 20 min. and then 
the yellow mixture was poured on crushed ice containing aqueous sodium hydroxide (40%; 
160 ml.). On vigorous stirring a yellow solid separated, which was quickly filtered off, washed 
with ice-cold water, and dried (KOH) in vacuo at 0—5° for 24 hr., to give the crude product 
(8-0 g.). A small portion, on rapid crystallisation from cold dry ether (charcoal), gave 5-chloro- 
8-nitrosoacetamidoisoquinoline in light yellow microneedles, which decomposed at 78—79° 
(Found: C, 53-3; H, 3-5. C,,H,CIN,O, requires C, 52-9; H, 3-2%). A solution of the crude 
nitroso-compound (7-5 g.) in dry ‘‘AnalaR’”’ benzene (200 ml.) was boiled for 24 hr. under 
moisture-proof conditions. The benzene was then removed and the residue was taken up in 
the minimum of chloroform and passed down a column of activated alumina, which was eluted 
with light petroleum. 5-Chloro-8-phenylisoquinoline (2-51 g.) was obtained in long silky needles. 
After one crystallisation from light petroleum it melted at 103—104° (Found: C, 75-4; H, 4-2; 
N, 6-1. C,;H, CIN requires C, 75-1; H, 4-1; N, 5-8%). When the column was eluted further 
with benzene-chloroform and finally with ethanol, some unchanged 8-acetamido-5-chloroiso- 
quinoline was obtained. The picrate of 5-chloro-8-phenylisoquinoline separated from benzene as 
yellow needles, m. p. 193—194° with previous shrinking (Found: N, 11-8. C,;H,CIN,C,H,N,;O, 
requires N, 11-9%). Solutions of 5-chloro-8-phenylisoquinoline in organic solvents or in dilute 
hydrochloric acid exhibit a green fluorescence. 

8-Aminoisoquinoline.—(a) From 5-chloro-8-nitroisoquinoline. 5-Chloro-8-nitroisoquinoline 
(3-0 g.) was dissolved in warm ethanol (300 ml.) and 5% palladium-—charcoal (1 g.) was added, 
followed by dropwise addition of hydrazine hydrate (99—100%; 24 ml.). A rapid evolution 
of gas occurred with each addition. A gentle reflux was maintained throughout the operation 
and then the mixture was boiled overnight. The catalyst was filtered off and washed with a 
little ethanol. The residue obtained after removal of the solvent from the combined filtrate 
and washings was taken up in a little water, made alkaline by the addition of a few drops 
of ammonia, and exhaustively extracted with chloroform. The chloroform solution (charcoal) 
was dried (Na,SO,) and the solvent was removed. The residue (1-67 g.) was precipitated from 
chloroform solution by addition of light petroleum. 8-Aminoisoquinoline was obtained as 
pale yellow microneedles, m. p. 173—174° with previous shrinking at 171°. (Robinson? 
recorded m. p. 174°.) 8-Aminoisoquinoline gave a monopicrate, which separated from benzene 
as bright yellow microneedles, m. p. 231—232° (decomp.), with previous darkening and shrinking 
(Found: C, 47-8; H, 2-9; N, 18-9. C,H,N,,C,H,N,O, requires C, 48-2; H, 2:9; N, 18-7%). 

(b) From 8-amino-5-chloroisoquinoline. The above procedure was repeated with 8-amino-5- 
chloroisoquinoline. Boiling for 15 min. was sufficient to dehalogenate the compound. 8-Amino- 
isoquinoline, m. p. 171°, was obtained in 93% yield. Acetylation of the base with acetic an- 
hydride gave, in almost quantitative yield, 8-acetamidoisoquinoline as needles, m. p. 168—169° 
(with previous shrinking), from acetone (charcoal) (Found: C, 70-2; H, 5-4; N, 15:3. 
C,,H,)N,O requires C, 70-9; H, 5-4; N, 15-1%). 

8-Phenylisoquinoline.—(a) To a mixture of 5-chloro-8-phenylisoquinoline (200 mg.), ethanol 
(40 ml.), and 5% palladium-charcoal (70 mg.) under a gentle reflux, was added hydrazine 
hydrate (99—100%; 2ml.). There was an immediate evolution of gas. Heating was continued 
for 2 hr. The catalyst was then filtered off and washed with a little ethanol. The solvent 
was removed under reduced pressure from the combined filtrate and washing. The residue 
was taken up in a little water, made alkaline with a few drops of ammonia, and then extracted 
with ether. Removal of solvent from the dried (Na,SO,) ether solution left a very pale yellow 
viscous oil (146 mg.). Treatment with charcoal in ether solution removed the colour. 8- 
Phenylisoquinoline was obtained as a viscous oil (Found: C, 87-5; H, 5-6; N, 6-9. C,;H,,N 
requires C, 87-8; H, 5-4; N,6-8%). The picrate crystallised from benzene as yellow prismatic 
needles, m. p. 205—206° (decomp.) (Found: C, 58-3; H, 3-2; N, 12-65. C,;H,,N,C,H,N,O, 
requires C, 58-1; H, 3-2; N, 12:9%). The methiodide, prepared by the normal method, 
crystallised from benzene-ethanol as yellow microneedles, m. p. 210—211° with previous 
shrinking at 204° (Found: C, 55-8; H, 4-2. (C,,H,,IN requires C, 55-3; H,4-0%). (b) 8-Acet- 
amidoisoquinoline (1-0 g.) was nitrosated according to the procedure described above for the 
nitrosation of 8-acetamido-5-chloroisoquinoline. 8-Nitrosoacetamidoisoquinoline separated as 
an unstable yellow oil, which was immediately dissolved in ‘‘AnalaR’’ benzene (100 ml.); 
the dried (Na,SO,) yellow solution was then boiled for about 24 hr. Removal of the solvent 

7 Robinson, J. Amer. Chem. Soc., 1947, 69, 1944. 
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left a dark residue, which was re-dissolved in a minimum of benzene and put on a column of 
activated alumina. Elution with light petroleum gave 8-phenylisoquinoline (0-14 g.) as a pale 
yellow viscous oil which gave a picrate, m. p. and mixed m. p. with a sample prepared by method 
(a) 205—206° (decomp.). 

o-Phenylbenzylideneaminoacetal—A mixture of freshly prepared o-phenylbenzaldehyde 
(9-0 g.; Zaheer and Faseeh *) and aminoacetal (7-0 g.) was heated on a water-bath until most 
of the water formed in the reaction had evaporated (about 3 hr.). The product was distilled 
under reduced pressure. After a little water and some unchanged aminoacetal had been 
removed, the fraction of b. p. 218—224°/16 mm. was collected as a pale yellow viscous oil 
(14-0g.). Redistillation gave o-phenylbenzylideneaminoacetal as a viscous oil, b. p. 222—224°/16 
mm., »?° 1-5615 (Found: C, 77-2; H, 7-9; N, 4:7. C,gH,,;NO, requires C, 76-8; H, 7:7; N, 
4:7%). Attempted cyclisation with 76%, 80%, and finally concentrated, sulphuric acid, 
gave products from which no basic material could be isolated. 


Thanks are accorded to the Nuffield Foundation, London, for a Fellowship awarded to 
er © 


KinG’s COLLEGE, STRAND, LONDON, W.C.2. (Received, March 21st, 1961.] 


8 Zaheer and Faseeh, J]. Indian Chem. Soc., 1944, 21, 38. 





758. The ortho: para-Ratio in Aromatic Substitution. Part IV 
The Nitration of Biphenyl. 


By C. J. BILLine and R. O. C. Norman. 


The ortho : para-ratios of nitro-derivatives obtained by nitrating biphenyl 
under five sets of conditions are reported. In homogeneous solution, the 
ratio is approximately constant (about 2:1) irrespective of the conditions, 
but in a heterogeneous system the para-isomer predominates. An explan- 
ation is suggested for the change in orientation. Partial rate factors for 
the nitration of biphenyl in acetic anhydride have also been measured. 


THE nitration of biphenyl has been studied quantitatively by three groups of investigators. 
Nitric acid in acetic anhydride was reported by Simamura and Mizuno? to give the 2- and 
4-nitro-derivatives in a ratio of 68 : 32, while Dewar and his co-workers reported a ratio 
of 77:23 under similar conditions.2 After nitration by mixed acid in a heterogeneous 
system, Jenkins, McCullough, and Booth isolated the two derivatives in 34 and 57% yield, 
respectively. Thischange in the relative reactivities of the 2- and the 4-position of biphenyl 
with change in nitrating conditions is similar to the behaviour of anisole,5* acetanilide,’ 
and methyl phenethyl ether,’ each of which gives a very much higher proportion of the 
ortho-derivative when nitration is carried out in acetic anhydride solution than under 
other conditions. A mechanism for the enhanced reactivity of the ortho-position relative 
to the para-position in methyl phenethyl ether in its reaction in acetic anhydride solution 
has recently been suggested,® and it was therefore of interest to determine whether the 
comparable behaviour of biphenyl has a similar basis. 

Isomer distributions in the nitration of biphenyl under the conditions stated in Table 1 
were determined by gas chromatography. The high-boiling 2- and 4-nitrobiphenyls 
were completely resolved on a column packed with glass micro-beads coated with 1% by 


Part III, Norman and Radda, /J., 1961, 3610. 

Simamura and Mizuno, Bull. Chem. Soc. Japan, 1957, 30, 196. 
Dewar, Mole, Urch, and Warford, J., 1956, 3572. 

Jenkins, McCullough, and Booth, Ind. Eng. Chem., 1930, 22, 31. 
Griffiths, Walkey, and Watson, /., 1934, 631. 

Halvarson and Melander, Arkiv Kemi, 1957, 11, 77. 

Arnall and Lewis, J. Soc. Chem. Ind., 1929, 48, 159r. 

Norman and Radda, Proc. Chem. Soc., 1960, 423. 
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weight of a silicone-gum rubber. The proportion of the 3-nitro-derivative formed was 
not determined accurately, but it was shown that under each set of conditions it was 
formed in less than 2% yield. 


TABLE 1. Jsomer distributions in the nitration of biphenyl. 


Isomer distribution (%) 


Nitrating conditions Temperature 2-nitro- 4-nitro- 
BEITOg, tm BOCES AURGFEEIED onccccccccrsccveccccscccccccccssesecnee 0° 69-2 30-8 
Pras i OUI OID dic sincdicaedsancinessccsncscsncsiviveentetaecsi 0 64-4 35-6 
HNO,-H,SO, (1: 5) in nitrobenzene ................ceceeeeeees 0 65-0 35-0 
HNO,-H,SO,-bipheny] (heterogeneous) ‘= ty 57-7 
NO,-H,SO,-bipheny g By “nerstinenasdpncsnied L 35 43/1 56-9 


Our value for nitration in acetic anhydride is close to that obtained by Simamura and 
Mizuno,? and differs from the value obtained by Dewar et al. In heterogeneous conditions 
we found a rather larger proportion of the 2-nitro-derivative than had been found 
previously by product analysis,* and this proportion did not alter when reaction was at 
the higher temperature (30—40°) used by the previous workers. 

These results show that biphenyl does not behave analogously to anisole, acetanilide, 
and methyl phenethyl ether in nitration. These three compounds change from ortho- 
orientation in acetic anhydride to predominant fara-orientation under other nitrating 
conditions, whereas the corresponding change is small for biphenyl and may simply be 
due to a solvent effect. That the selectivity of a reagent can vary over a wide range with 
change of solvent has recently been demonstrated for the chlorination of toluene.® 

Two problems are raised by these results: to account for the high ortho : para-ratio 
compared with those obtained from other monosubstituted benzenes in which the 
substituent is, like phenyl, of —J, +E type; } and to account for the different orientation 
in heterogeneous conditions. 

It was suggested by de la Mare and Hassan ! that the high reactivity of the ortho- 
position relative to that of the para-position in the nitration of bipheny] in acetic anhydride 
depends on the fact that in the transition state for ortho-substitution the tetrahedral 
disposition of bonds at the ortho-carbon atom allows the two benzene rings to be coplanar. 
This permits the maximum delocalisation of the positive charge on the aromatic system 
in this state.” In pointing out that there may be a similar explanation for the greater 
reactivity of 2- than of 4-trimethylsilylbiphenyl in protodesilylation, Deans, Eaborn, and 
Webster note that it is difficult to generalise this explanation since, in nitration by mixed 
acid, biphenyl is more reactive in the fara- than in the ortho-position. While our results 
confirm this fact, they also demonstrate that under all conditions of homogeneous nitration, 
the ortho-position is the more reactive. The criticism of de la Mare and Hassan’s theory 
is not therefore necessarily valid. Furthermore, in terms of their theory, the change in 
orientation under heterogeneous conditions may be rationalised: in the solid biphenyl 
is a planar molecule, so that there is no longer a stereochemical facilitation of ortho- 
substitution. 

The partial rate factors for nitration, in acetic anhydride, at the 2- and the 4-position in 
biphenyl were found by Simamura and Mizuno to be 41-5 and 38,? while from the experi- 
ments of Dewar and his collaborators," the calculated values are 18-5 and 11, respectively.!* 
Because of this discrepancy, we re-determined the partial rate factors. The reactivity of 
biphenyl relative to that of t-butylbenzene was measured by competitive nitration of the 
two compounds, and from this value, together with the value for the reactivity of t-butyl- 
benzene relative to benzene previously determined ™ and the isomer distribution for the 


® Stock and Himoe, Tetrahedron Letters, 1960, No. 13, 9. 

10 de la Mare and Hassan, J., 1957, 3004. 

11 Deans, Eaborn, and Webster, /J., 1959, 3031. 

12 Dewar, Mole, and Warford, J., 1956, 3576. 

138 de la Mare and Ridd, ‘‘ Aromatic Substitution,” Butterworths Scientific Publications, 1959, p. 157. 
‘t Knowles, Norman, and Radda, /J., 1960, 4885. 
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nitration of biphenyl reported in Table 1, the following partial rate factors were obtained: 
2-position, 36-4; 4-positidn, 32-6. Like the isomer ratios, these results resemble closely 
those reported by Simamura and Mizuno.” 


EXPERIMENTAL 


Materials.—Biphenyl, t-butylbenzene, and nitrobenzene were commercial materials. 
Fuming nitric acid (B.D.H. “‘ AnalaR,” d 1-5) was employed for all nitrations. 2-Nitrobiphenyl, 
m. p. 36°, and 4-nitrobiphenyl, m. p. 113°, were supplied by Mr. P. S. Johnson. 3-Nitro- 
biphenyl was prepared by a modified Gomberg reaction between m-nitroaniline and benzene 
and had m. p. 61° (from light petroleum, b. p. 60—80°). The silicone-gum rubber and glass 
beads used for the chromatographic column were kindly supplied by Dr. F. L. Bach of the 
American Cyanamid Company. 

Isomer Distributions.—(a) Homogeneous nitrations. Nitrations were carried out at 0° with 
careful temperature control. The nitrating mixture (see Table 2) was added slowly to a solution 
of biphenyl (0-04 mole) in the appropriate solvent. Reactions were stopped by the addition 
of water, and the mixture was extracted three times with benzene. After removal of the 
benzene, the residue was dissolved in acetone and this solution was analysed by gas 
chromatography. 


TABLE 2. Experimental conditions for homogeneous nitrations. 


Reaction time 


Solvent for biphenyl Nitrating mixture (hr.) 
Acetic anhydride (200 ml.) ......... HNO, (0-04 mole) in Ac,O (0-1 mole) 20 
AGOERs COUR GHOO WEED oacscscccsccvee HNO, (0-04 mole) in HOAc (0-2 mole) 50 
Nitrobenzene (10 ml.) ............... HNO, (0-04 mole)—H,SO, (d 1-82) (0-2 mole) 0-5 


(b) Heterogeneous nitrations. Nitrations were carried out at 0° and 35° by the method of 
Jenkins, McCullough, and Booth,‘ using one-hundredth quantities. The nitrating mixture 
was added during 10 min., and the reaction was stopped after 1 hr. by addition of water. 
Extraction and analysis procedures were the same as those for homogeneous nitration. 

Gas-chromatographic Analysis.—The column (200cm x 4-5mm.) was packed with silicone-gum 
rubber (SE-30 General Electric Company) (1% w/w) coated on glass micro-beads (70—80 mesh; 
Prismo Safety Corporation), and was operated with an inlet heater temperature of 270°.1¢ 
Nitrogen (30 ml./min.) was used as carrier gas. A hydrogen-inject flame ionisation detector 
coupled to a Sunvic recorder gave a linear response. At a column temperature of 135° the 
retention times of 2- and 4-nitrobiphenyl were 17-5 and 25 min., respectively. The injection 
of known mixtures of these compounds showed that the ratio of peak areas (measured by 
constructing triangles made up of tangents to the Gaussian curves afid the intercepts on the 
base line) was proportional within 2% to the ratio of the quantities of the two materials. 
Analysis of known mixtures of isomers submitted to the extraction procedure showed that this 
was quantitative. Each result recorded in Table 1 is the mean of at least four analyses. The 
mean deviation was +0-5%. 

3-Nitrobiphenyl was not resolved from the 4-nitro-isomer under these conditions, but its 
presence as a nitration product in at most 2% yield was proved as follows: after injection of 
a sample of reaction product into the column, material eluted during the period of emergence 
of the 3- and 4-nitro-isomers was collected by condensation on a microscope slide. Its m. p., 
measured on a micro-Kofler block, corresponded to that of pure 4-nitrobiphenyl. When a 
known mixture containing 2% of 3-nitrobiphenyl was similarly treated, a marked depression 
of m. p. was observed. 

Overall Reactivity—A mixture of t-butylbenzene (0-0075 mol.), biphenyl (0-04 mol.), and 
the internal standard, nitrobenzene (2-5 ml.), was dissolved in acetic anhydride (200 ml.) and 
divided into two parts. To one portion was added a mixture of nitric acid (0-025 mole) in 
acetic anhydride (2 ml.). Reaction took 24 hr. and was stopped by the addition of water. 
Both portions were extracted with ether, and the extracts, after concentration and drying 
(Na,SO,), were analysed by gas chromatography. The column (400 cm. x 4:5 mm.) was 


18 Elks, Haworth, and Hey, J., 1940, 1284. 
16 Hishta, Messerly, Reshke, Fredericks, and Cooke, Analyt. Chem., 1960, $2, 880. 
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packed with ‘‘ Apiezon L”’ grease (30% w/w) coated on ‘‘ Embacel’’ and was operated at 
186° with hydrogen (60 ml./min-) as carrier gas. Retention times were: t-butylbenzene, 
6 min.; nitrobenzene, 9 min.; biphenyl, 47 min. The nitrated and unchanged extracts from 
several mixtures were injected consecutively into the column, and by comparison of the heights 
of the peaks of t-butylbenzene and bipheny] relative to the standard, the amounts of each used 
up in the nitrations were calculated. The average value obtained for the reactivity of biphenyl 
relative to t-butylbenzene !* was 2-33 + 0-04. Since the reactivity of t-butylbenzene relative 
to benzene under these conditions is 15-1,!4 the reactivity of biphenyl relative to benzene is 
35-1 + 0-06. 

That changes in amounts of the two reactants relative to the standard were proportional 
to changes in peak heights produced by these reactants relative to that produced by the 
standard, was proved by the injection of synthetic mixtures of varying proportions. It was 
also shown that, under the conditions of the nitrations, the internal standard did not react. 
This was done by adding equal amounts of an external standard to equal amounts of the 
internal standard before and after attempts to nitrate it, and comparing peak heights produced 
by the mixture at each stage. 


We thank Messrs. A. E. Thompson and F. Hastings for their help with the gas-chromato- 
graphic work. One of us (C. J. B.) thanks British Celanese Limited for financial support. 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, March 27th, 1961.] 





759. The ortho: para-Ratio in Aromatic Substitution. Part V.} 
Nitration by Mixed Acid and Acetyl Nitrate. 


By J. R. KNowLes and R. O. C. Norman. 


The isomer distributions obtained in the nitration of a series of benzylic 
compounds with mixed acid are reported and are compared with the known 
ratios given by these compounds when acetyl nitrate is the reagent. There 
is evidence that some nitration of the conjugate acid occurs in the nitration 
by mixed acid of compounds containing basic sites in the side-chain. With 
acetyl nitrate, ortho-reactivity is enhanced, by a mechanism proposed 
previously, to a degree depending on the nucleophilicity of the heteroatom 
in the side-chain and on stereochemical factors. 


A MECHANISM has recently been proposed ? to account for the different isomer distribution 
observed in the nitration of methyl phenethyl ether by acetyl nitrate from that obtained 
with mixed acid. It was postulated that the high ortho : para-ratio obtained with acetyl 
nitrate is due to an additional mode of nitration, concomitantly with “ normal ’’ nuclear 
nitration by the nitronium ion. The first step of this is an Sy2 displacement of nitrate ion 
from covalent dinitrogen pentoxide i presence of which is well established in acyl 


CH? 
4 — 2 
H,C Om Me 


ae Sic Me H.C — au 
NY NO, ey a 
(II) (IIT) 
nitrate solutions *) by the oxygen atom of the ether. The charged intermediate formed 


(I) then rearranges through a six-membered cyclic transition state to yield the o-nitro- 
isomer (II). 


(I) 


1 Part IV, Billing and Norman, preceding paper. 

2 Norman and Radda, Proc. Chem. Soc., 1960, 423; J., 1961, 3030. 

* Chédin and Fénéant, Compt. rend., 1949, 229, 115; Malkova, J. Gen. Chem. (U.S.S.R.), 1954, 24, 
1151; Vandoni and Viala, Mém. Services chim. Etat, 1945, 32, 80. 
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Since the crucial step in this mechanism is the Sy2 displacement on dinitrogen pent- 
oxide by a nucleophilic atom in the side-chain of the aromatic compound, it was of interest 
to investigate the behaviour in nitration of other aromatic compounds with and without 
nucleophilic atoms in the side-chain. Isomer ratios for the nitration by acetyl nitrate of 
toluene, ethyl phenylacetate, benzyl methyl ether, benzyl chloride, benzyl cyanide, and 
phenylnitromethane have already been reported,‘ and these ratios are compared in Table 1 
with those obtained by nitration of these compounds with 1:1 mixed acid. Values for 
the nitration of methyl phenethyl ether,? and methyl 3-phenylpropyl ether,5 are included 
in this Table. 


TABLE 1. Jsomer ratios obtained by nitration with acetyl nitrate and mixed acid. 








AcO:NO, 1: 1 HNO,-H,SO, 

a ~ =~ ¢ a — 

o- m- p- o- m- p- 

(%) (%) (%) (%) (%) (%) 
BN. wih aciuprctcopeisnnencesiecien 56-1 2-5 41-4 56-0 2-4 41-6 
Ethyl phenylacetate ............... 54:3 13-1 32-6 41-7 24-6 33-7 
Benzyl] methyl ether ............... 51:3 6-8 41-9 28-6 18-1 53-3 
BIE CRIN nnescnccscsccdveccsce 33-6 13-9 52-5 34-4 14-1 51-5 
ERO) CHOMIED o.seccccss.cccesceees 24-4 20-1 55°5 22-0 20-7 57-3 
Phenylnitromethane ............... 22-5 54-7 22-8 22-2 53-1 24-7 
Methyl phenethyl ether ......... 62-3 3-7 34-0 31-6 9-4 59-0 
Methyl 3-phenylpropyl ether ... 44-2 3:8 52-0 37:3 5-9 56-8 


Three factors should govern the isomer ratios cited. 

First, with both of the nitrating agents used, direct nuclear nitration occurs via the 
nitronium ion, which is known to be present in both solutions. Nitration by this ion 
should give rise to the same orientations under both nitrating conditions.’ 

Secondly, in mixed acid solutions there is a high concentration of protons, and the 
orientation will be affected if a basic site in the side-chain of the aromatic compound 
becomes protonated. [We shall refer to “‘ protonation”’ and “ positive species,’ but 
proton transfer may be by no means complete. However, the arguments presented are 
still valid for a high degree of polarisation of the unshared electrons of the basic site by 
the acid medium (III); cf. ref. 8.] Although the positive ion produced will be much less 
reactive towards electrophilic reagents than its conjugate base, some of the total nitration 
observed may be that of the ‘onium ion. The change in orientation will be governed 
both by the degree of insulation of the positive charge of the protonated form from the 
aromatic ring (.e., the reactivity of the positive species) and by the total degree of proton- 
ation of the parent compound (1.e., the concentration of the positive species). 

Thirdly, in acetyl nitrate solutions, the presence of dinitrogen pentoxide should enable 
specific ortho-nitration to occur if (a) there is a suitable nucleophilic site in the side-chain, 
and (b) the charged intermediate produced by the attack of this nucleophilic site on 
dinitrogen pentoxide is stereochemically suited to rearrange to the o-nitro-isomer.” 

On the basis of these expectations, the observed’ orientations in Table 1 can be 
accounted for. 

Protonation.—Protonation in the side-chain will reduce the reactivity of the ortho- and 
para-positions more than of the meta-position, and thereby increase the 4m: p-ratio 
relative to that for the conjugate base. Values of 4m: (mixed: acid)/4m:p (acetyl 
nitrate) greater than one are therefore diagnostic of some nitration of the conjugate acid. 
This ratio will be determined by three factors: the number of methylene groups between 
the positive charge and the ring (cf. the proportion of meta-derivative formed in the 


* Knowles and Norman, J., 1961, 2938. 

5 G. K. Radda, unpublished results. 

® Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,’’ G. Bell and Sons, London, 1953, 
p. 270; Paul, J. Amer. Chem. Soc., 1958, 80, 5329. 

? E.g., Ingold, Lapworth, Rothstein, and Ward, /J., 1931, 1959. 

8 Gordy and Stanford, J. Chem. Phys., 1941, 9, 204. 
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nitration of Ph-NMe,*, Ph-CH,*-NMe,*, and Ph:[CH,],*NMe,* *); the proton-affinity of 
the heteroatom (which determines the concentration of the conjugate acid); and the 
reactivity of the conjugate base (the more reactive this is, the smaller will be the 
contribution to the total nitration of reaction of the conjugate acid; thus aniline is nitrated 
predominantly through the much more reactive unprotonated form in strongly acid 
solution 1°). 

Evidence that these three factors operate in the systems studied here is seen by 
inspection of the 4m: p (mixed acid)/}m : # (acetyl nitrate)-ratios (henceforward, ‘“ R’’) 
set out in Table 2. 


TABLE 2. m: p- and o: p-Ratios. 
Ph-CH,— Ph-CH,- Ph-CH,- Ph-CH,- Ph-CH,- Ph-(CH,],-— Ph: [CH], 





PhMe Cl NO, CN CO,Et OMe OMe OM 
4m: p (mixed acid) ... 0-029 0-14 l- 07 0-18 0-36 0-17 0-080 0- 052 
4m: p (acetyl nitrate) 0-030 0-13 1-20 0-18 0-20 0-08 0-054 0-036 
$m : p (mixed acid) : . , ’ ’ 9. 5 . 
ion: > (acetyl nitrate) 1-0 1-1 0-9 1-0 1-8 2-1 1-5 1-4 
40: (acetyl nitrate) 0-68 0-32 0-49 0-22 0-83 0-61 0-92 0-42 


? 
40: p (mixed acid) ... 0-67 0-33 0-45 0-19 0-62 0-27 0-27 0-33 
40: p (acetyl nitrate) ’ ' i 
to:> (mixed aciay '° 1-0 1-1 Ll 13 2-3 3-4 13 





(i) Toluene, which has no heteroatom, shows no change in orientation (“‘R” = 1). 

(ii) In the series Ph°CH,-OMe, Ph-[CH,],-OMe, Ph-[CH,],-OMe, as the number of 
methylene groups between the heteroatom and the nucleus increases, the change in orient- 
ation becomes proportionately less (“‘ R ” = 2-1, 1-5, 1-4, respectively). 

(iii) The proton-affinities of basic groupings studied by Gordy and Stanford ® (by 
measurement of the frequency shift of the O-D band of CH,°OD in the basic compound 
from the ‘“unimolecular’’ band of CH,*OD in benzene solution) lie in the order: 
chloro- < nitro- < cyano- < ester < ether (e.g., the shifts for acetonitrile, ethyl acetate, 
and diethyl ether are 63, 84, and 130 cm.+, respectively). Within experimental error 
this order is followed here. Benzyl chloride, benzyl cyanide, and phenylnitromethane, 
which are the most weakly basic, show no evidence of nitration through the protonated 
species (“ R”’ = 1); and for ethyl phenylacetate and benzyl methyl ether, which are of 
comparable nuclear reactivity,‘ “‘ R ’’-values are in the order of proton-affinities. 

Specific ortho-Interaction.—That protonation in mixed acid cannot explain the change 
in ortho : para-ratios with change of nitrating conditions may be shown by the following 
argument. For the nitration of the conjugate acid of benzyl methyl ether, suppose that 
(by analogy with Ph-CH,*NMe,* ®) the proportion of meta-derivative is 80%. Then from 
the observed change in the orientation from acetyl nitrate to mixed acid, the con- 
tribution to the total nitration of reaction of the conjugate acid is about 12%. If we 
assume the extreme case, that nitration of the conjugate acid gives no ortho-derivative, 
the proportion of o-nitro-compound, obtained by nitrating with acetyl nitrate, arising 
solely from reaction of the unprotonated form, would be 33%. The observed proportion is 
considerably higher than this (51-394) and confirms the operation of some specific ortho- 
interaction with acetyl nitrate. (Further evidence for this, from the changes in meta : para- 
and ortho : para-ratios with increasing acidity of the nitrating medium, is cited in ref. 2.) 

Support for this conclusion comes from the 40: p(acetyl nitrate)/}0 : p(mixed acid)- 
ratios (henceforward, “‘S”’) for the ethers. Whereas “ R’’-values fall off in the order: 
Ph-CH,OMe, Ph:[CH,],-OMe, Ph-[(CH,],*OMe, ‘S’’-values show a maximum (“S” = 
2-3, 3-4, 1-3, respectively) for Ph:[CH,],-OMe. This is consistent with the operation of 

® Vorlander and Siebert, Ber., 1919, 52, 294; Goss, Ingold, and Wilson, J., 1926, 2440; Goss, 


Hanhart, and Ingold, J., 1927, 250. 
10 Hughes and Jones, J., 1950, 2678. 





of 
the 
the 
ted 
cid 


”) 


Tl — 
213 


of 
nt- 


(by 
ind 


ite, 
ror 
ne, 
ted 
of 


ge 
ing 
hat 





[1961] Baddeley, Halsall, and Jones. 3891 


the cyclic mechanism previously proposed for enhancement of reactivity at the ortho- 
position of methyl! phenethyl ether,? together with the stereochemical requirement that 
the ease of rearrangement [e.g., of (I) to (II)] depends on the ring-size of the cyclic transition 
state. The order of “‘ S ’’-values suggests that this is 6 > 5 > 7. 

Apart from this stereochemical requirement, increase in ortho-reactivity by this 
mechanism depends on the presence of a nucleophilic atom in the side-chain. It is well 
known 4 that the nucleophilicity of a given atom (e.g., oxygen) in different electronic 
environments parallels its basicity. It is therefore understandable that this ortho-effect 
(measured by “ S ’’-values) for those compounds which satisfy the stereochemical require- 
ment for rearrangement, falls off in the same order as the proton-affinities of the groupings 
(that is, Ph-(CH,],,OMe > Ph-CH,°CO,Et > Ph-CH,:NO,). 


Experimental.—Nitration was carried out at 25° with a 1:1 (v/v) mixture of nitric 
(‘ AnalaR,”’ d 1-5) and sulphuric acid (‘‘ AnalaR,’’ d 1-84). Reference materials, extraction 
procedures, and methods of analysis have been previously described. The isomer distributions 
in Table 1 are mean values of at least three analyses in each case; the mean deviation is +-0-8% 
for all compounds except ethyl phenylacetate and benzyl methy] ether, for which it is +1-5%. 


One of us (J. R. K.) thanks Christ Church for a Research Lectureship. 
THE Dyson PERRINS LABORATORY, OXFORD. [Received, April 5th, 1961.) 


1 Hine, “ Physical Organic Chemistry,’’ McGraw-Hill Book Co., Inc., New York, 1956, p. 138. 





760. The Chemistry of Triterpenes and Related Compounds. Part XL.* 
Final Clarification of the Stereochemistry of Hydroxyhopanone. 


By G. V. BApDDELEY, T. G. HALsaLt, and E. R. H. Jones. 


The only remaining stereochemical problem in the structure of hydroxy- 
hopanone has now been resolved with the proof that the 21-hydroxyisopropyl 
side-chain of hydroxyhopanone has the «-configuration (cf. II). 


HyYDROXYHOPANONE has structure (I),1 only the configuration at C,,) being in doubt. If 
it is biosynthesised from squalene by a completely concerted cyclisation then either the 
a- or the 8-configuration ? at C;.,, may result depending on the conformation of the squalene 
molecule during cyclisation. Evidence has now been obtained in favour of the «-configur- 
ation, hydroxyhopanone being therefore (II). 

Dehydration of hydroxyhopane (III) gave a mixture (hopene) of hopene-a (IV) and 
hopene-b (V).2 Treatment of the mixture with osmium tetroxide led to the isolation of 
hopene-b glycol (VII). Cleavage of this glycol with lead tetra-acetate under the mild 
conditions devised! for the isolation of the unstable ¢vans-trisnor-ketone (VIII) from 
hopene-a glycol (VI) gave a nor-ketone (IX), [«|,, +83°, which was isomerised by ethanolic 
sulphuric acid to the more stable nor-ketone (X), [«], —4°. Treatment of the less stable 
ketone with methylmagnesium iodide gave hydroxyhopane (III) whereas the isomerisation 
product gave an isomeric alcohol. 

Of the two structures (IX) and (X), the latter must be the more’stable as it lacks the 
1,3-interactions of the 2la-side-chain with both the 18-methyl group and the 16-axial 
hydrogen atom of structure (IX). Formula (IX) must then represent the nor-ketone first 
formed from hopene-b glycol (VII), and hence hydroxyhopane (IIT) and hydroxyhopanone 
(II) must have the 21-side-chain in the «-configuration. The carbon skeleton of 


* Part XXXIX, J., 1961, 2725. 

1 Baddeley, Halsall, and Jones, J., 1960, 1715. 

* Cf. Schaffner, Caglioti, Arigoni, and Jeger, Helv. Chim. Acta, 1958, 41, 152. 
3’ Dunstan, Fazakerley, Halsall, and Jones, Croat. Chim. Acta, 1957, 29, 173. 
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structure (II) can be biosynthesised by cyclisation of the all-chair conformation of squalene. 
The isomerisation behaviour of the nor-ketone (IX) is closely paralleled by that of 
36-acetyl-A-norcholestane * (XI) which can be converted by acid or by base into the more 






(VIII) 


ace 


MeCO 4H MeCO #H 


stable ketone (XII) in which the 1,3-steric interactions of the acetyl group no longer occur. 
The molecular-rotation differences between the two pairs of methyl ketones are very 
similar: A[M,] [(IX)—(X)] —359°; A[Mgoo9a] [(XI)—(XII)] —361°. The A[M] values 
refer to slightly different wavelengths, but it is uncommon for molecular rotations to vary 
appreciably between the sodium-p line (5890 A) and 6000 A. Both the less stable ketones 
have lower carbonyl stretching frequencies than the corresponding isomers: (IX) 1700, 
(X) 1710, (XI) 1710, and (XII) 1720 cm.*t. 


EXPERIMENTAL 

M. p.s were determined on a Kofler block and are corrected. Rotations were determined for 
chloroform solutions, unless otherwise stated, at room temperature. The alumina used for 
chromatography was Peter Spence’s grade ‘“‘ H ’”’ which had been deactivated with 5% of 10% 
aqueous acetic acid. 

Hydroxylation of Hopene-ab.—Hopene-ab 3 (3-81 g.) in pyridine (40 c.c.) and ether (400 c.c.) 
was heated under reflux with osmium tetroxide (2-90 g., 1-2 mol.) for 3 days. The solvents 
were then removed and the residual osmate ester was cleaved by heating it in benzene (80 c.c.), 
ethanol (170 c.c.), and water (100 c.c.) with potassium hydroxide (20 g.) and mannitol (25 g.) 
until, after 3 hr., the upper layer became colourless. Dilution with water followed by extraction 
with ether afforded a product (4-15 g.), which gave only a slight colour with tetranitromethane. 
It was adsorbed from benzene on alumina (200 g.). Elution with benzene gave gums (950 mg.) 
giving a positive reaction with tetranitromethane. Elution with benzene-ether (9:1) yielded 
hopene-a glycol [17(22 —» 21)abeogammacerane-21£,22-diol] (2-51 g.) as plates (from acetone— 
methanol), m. p. 272—281°, [a],, +30° (c 0-87) (lit.,* m. p. 260—265°, [a], +31°). Elution with 
benzene-ether (1:1) gave hopene-b glycol [(218H)-17(22 —» 21)abeogammacerane-22£,29-diol] 
(VII) (430 mg.) as platelets (from methanol-acetone), m. p. 239—245°, [a],, +32° (c in pyridine, 
0-81) (Found: C, 80-8; H, 11-75. Cj ,H;,O, requires C, 81-0; H, 11-8%), vmax (Nujol mull) 
3350, 1040 cm.*1. 

Cleavage of Hopene-b Glycol (VII).—Lead tetra-acetate (600 mg., 1-5 mol.) was added with 
stirring to a fine suspension of hopene-b glycol (400 mg.) in benzene (200 c.c.) at 10°. The 
mixture was stirred for 18 hr. at 20°, then the benzene solution was filtered, washed with water, 
and dried. On evaporation it gave a product which was filtered in benzene through 
alumina (18 g.), to give a norhopanone [30-nor-(218H)-17(22 —» 21)abeogammaceran-22-one] 

* Biellmann and Ourisson, Bull. Soc. chim. France, 1960, 348. 
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(IX) (300 mg.) as prisms (from acetone), m. p. 218°, [a,, +83° (c, 1-43) (Found: C, 84-4; H, 
11-75. CygH,,O requires C, 84-4; H, 11-7%), vmax. (in CS,) 1700 cm."}. 

Reaction of Methylmagnesium Iodide with the Norhopanone (IX).—The ketone (103 mg.) in 
benzene (4 c.c.) and ether (15 c.c.) was added to the Grignard reagent derived from magnesium 
(200 mg.) and methyl iodide (0-8 c.c.) in ether (6 c.c.). The mixture was heated under reflux 
for 18 hr., then the excess of Grignard reagent was destroyed by methanol. Acidification 
followed by extraction with ether gave a product (110 mg.) which afforded hydroxyhopane * 
(III) as platelets (from acetone—-methanol), m. p. and mixed m. p. 254—256°, [a], +44° (c 1-21). 

Acid-catalysed Isomerisation of the Norhopanone (I1X).—The ketone (260 mg.) was heated 
under reflux for 4 hr. in ethanol (12 c.c.) containing 2N-sulphuric acid (0-2 c.c.). When kept 
at 20° for 15 hr. the solution deposited plates which were washed with methanol and 
recrystallised from ethanol to give 30-nor-(2laH)-17(22 —» 21)abeogammaceran-22-one (X) 
(162 mg.) as plates, m. p. 230—231-5°, [a],, —40° (c 0-92) (Found: C, 84-1; H, 11-8. C,,H,,O 
requires C, 84-4; H, 11-7%), vmax. (in CS,) 1710 cm."}. 

Reaction of Methylmagnesium Iodide with the Norketone (X).—The ketone (160 mg.) was 
treated with the Grignard reagent from methyl iodide [as for the norhopanone (IX)]. The 
product (165 mg.) obtained by acidification and extraction with ether gave an isomer of 
hydroxyhopane [(2laH)-17(22 — 21l)abeogammaceran-22-ol]} as needles (from acetone- 
methanol), m. p. 225—227°, [a],, + 19° (c 1-63) (Found: C, 82-35; H, 12-0. C,,H,;,0,}CH,-OH 
requires C, 82-35; H, 12-25%), vmax. (in CCl,) 3550 cm... The mixed m. p. on admixture with 
hydroxyhopane, m. p. 255—256°, showed a marked depression, 218—240°. 

Acetylation of (21aH)-17(22 — 21)Abeogammaceran-22-ol.—The alcohol (92 mg.) in chloro- 
form (7 c.c.) was heated under reflux for 20 hr. with dimethylaniline (4 c.c.) and acetyl chloride 
(3 c.c.). The product was isolated through ether to give 22-acetoxy-2laH-17(22 —» 21)abeo- 
gammacerane (100 mg.) as needles (from ethyl acetate—methanol), m. p. 202—205°, [a],, +30° 
(¢ 1-81) (Found: C, 82-0; H, 11-45. C,,H;,0, requires C, 81-65; H, 11-55%), vmax. (in CS,) 
1730, 1250, 1130, 1014 cm.*}. 

Acetylation of Hydroxyhopane.—Hydroxyhopane (147 mg.) was acetylated (as above) to 
give acetoxyhopane (150 mg.) as prisms (from ethyl acetate-methanol), m. p. 183—184°, [a], 
+35° (c 0-68) (Found: C, 82-0; H, 11-6. C,,H;,0, requires C, 81-65; H, 11:6%), vmgx (in 
CS,) 1730, 1253, 1225 cm.7}. 


One of the authors (G. V. B.) thanks the Department of Scientific and Industrial Research 
for a maintenance grant. 


THE Dyson PERRINS LABORATORY, 
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761. The Luminescence of Some Substituted Naphthalenes. 
By J. M. CorxiLt and I. J. GRAHAM-BRYCE. 


The luminescence spectra of the fourteen isomeric nitronaphthylamines 
and ten isomeric dinitronaphthalenes have been measured at low tem- 
peratures. A new form of electronic phosphorometer was used. The 
emission from the nitronaphthylamines for all except three compounds was 
found to be fluorescence, and in all cases luminescence was weak. Com- 
parison of fluorescent and phosphorescent maxima with absorption maxima 
suggests that the first excited singlet and triplet levels have similar energies. 
In the spectra of the dinitronaphthalenes a wide separation was found 
between the first two bands, the usual interval being approximately 1400 
cm.7+. Probable assignments are suggested for the bands found in these 
spectra. 


THE emission spectra of a number of aromatic nitro-amines in rigid media at low tem- 
peratures have been described.1_ We have now investigated the emission spectra of the 
fourteen nitronaphthylamines and the ten dinitronaphthalenes under similar conditions, 


1 Foster, Hammick, Hood, and Sanders, J., 1956, 4865. 
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using an electronic phosphorometer of increased sensitivity and stability. The principle 
of this phosphorometer is that the photomultiplier used to measure the luminescence is 
switched off during the periods when the specimen is being illuminated. 


EXPERIMENTAL 


The cooling apparatus was that described by Bowen and Brocklehurst ? for the measurement 
of luminescence spectra at low temperatures. The emission from the frozen samples was passed 
through a Hilger constant-deviation spectrometer with an E.M.I. photomultiplier at the exit 
slit. The emission was excited by the filtered radiation (3650 A) from a mercury arc lamp 
which was energised through a heavy-duty half-wave rectifier connected to the 50 cycles/sec. 
mains A.C. supply. The lamp arc was thus struck and the sample illuminated for only half of 
each mains cycle, leaving the other half available for the recording of phosphorescence. A 
pulse generator which was phase locked to the mains was connected to the photomultiplier so 
that pulses of such polarity as to reverse the potential drop could be applied to the sixth and 
seventh dynodes. By adjusting the width and phase of these blocking pulses the photo- 
multiplier could be effectively switched off during the half cycles when the mercury arc was 
struck and the sample illuminated. The photoelectric current was measured by means of a 
Tinsley galvanometer. Fluorescence spectra could be measured either by shifting the pulse 
phase by 180° or by switching the generator off. 

The spectrometer—photocell combination was calibrated for quantum sensitivity by 
measuring the photocurrent at various wavelengths when a B.T.H. standard filament lamp was 
used as a light source. Measured spectra could be then converted to a relative quantum—wave 
number basis. It was found that the calibration curve was not affected by the pulse generator 
operation. By interposing filters of known transmittance between the source and the spectro- 
meter slit, the photocurrent was found to be directly proportional to the light falling on the 
cell during calibration. 

The Measurement of Emission Spectra.-—When measuring emission spectra the usual 
procedure was to scan through the spectrum (4000—6000 A) without the pulse generator and 
then to repeat the scan with the generator switched on to detect phosphorescence. For 
relatively long-lived phosphors, since the phosphorescence readings involved only the half- 
cycles when the lamp was off, the signal was halved by the use of the pulse generator. Phos- 
phorescence in the presence of simultaneous fluorescence was determined by subtracting twice 
the observed phosphorescence signal from the total (generator off) signal. In the case of pure 
phosphorescence an estimate of the lifetime could be made from the signal ratios obtained with 
and without the generator. 

The blocking of fluorescent radiation by the pulse generator technique is extremely efficient ; 
thus for an anthracene sample the signal with the generator switched on was about 1/250 of 
the signal with the pulses off. The period between the cessation of specimen excitation and 
the observation of the emission is also short (1 msec.) and thus phosphorescence with a half 
life of down to 3 msec. can be measured. In the present work, the spectral maxima positions 
were reproducible to +15 cm.1. 

The Measurement of Absorption Spectra.—Absorption spectra were measured with a Unicam 
SP 500 instrument. 

Preparation of Materials—The naphthalene compounds were prepared by standard 
procedures and after chromatography were recrystallised until both the emission spectra and 
the m. p. were constant. The preparation of the 2,3-substituted derivatives afforded some 
difficulty, the methods of Ward and Coulson ‘ being finally adopted. 

Solvents.—(a) Methanol. The blue luminescence of the commercial alcohol was removed 
by fractional distillation over sodium hydroxide. 

(b) Ethanol. The “ spectroscopic’ grade alcohol used has a faint blue fluorescence when 
frozen. This luminescence was substantially reduced by treatment with magnesium turnings 
(Grignard grade), followed by fractional distillation. 

(c) Ethylene glycol. B.D.H. glycol when freshly distilled under reduced pressure showed 
no luminescence on freezing. 

(a) Ethyl iodide. This compound was purified by the method given by Vogel, ‘‘ Textbook 
of Practical Organic Chemistry,” 3rd edn., Longmans, Green and Co. Ltd., London, 1957, p. 287. 


2? Bowen and Brocklehurst, J., 1954, 3875. 
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RESULTS 


The Nitronaphthylamine Specitva.—The emissions from glycol-alcohol glasses (4: 1 v/v) had 
the same band-shapes as those from the more usual ethanol—methanol glasses, but were much 
more intense, presumably owing to the higher viscosity of the former solvent. The photoelectric 
determinations were therefore made by using the glycol solvent and the results are given in 
Table 1. The results marked with an asterisk are the extrapolated short-wave limits of the 
emissions; in these cases the maxima lay beyond the sensitive range of the apparatus. The 
Table also gives the separation between the lowest absorption band and the emission-band 
maxima (Ay). 


TABLE l. 
Emission Emission 
maxima v maxima Av 
Compound (cm.4) (cm,.~!) Process ft Compound (cm.-4) (cm.~!) Process + 
1-Naphthylamines 2-Naphthylamines 
I caricsnnenssens 18,300 5200 F SII sitvescasissecs 17,350 6650 P 
BEY cescenanbexesie 17,150 6950 F BUNESEI | axesdnestecndas 19,500 * = F 
DE sasidkeseogiens 17,400 6000 P ee 17,150 7300 F 
EY - ccsdtaarpassein 17,100 7000 P OI  snssscasiasvens 17,050 — F 
ne 20,100* — F PEE -<asnessonsoenns 19,400 5400 F 
i 18,900 * -- F WO. Sas acciniedeccs 17,250 7450 F 
ee 17,300 6200 F GR > sisscistissien 17,400 6400 F 
{ F = fluorescence. P = phosphorescence. 
TABLE 2. 
Total Emission- Total Emission- 
lumin- band Phosphor- lumin- band Phosphor- 
Dinitro- escence separations escence Dinitro- esence separations escence 
naphthalenes (cm.~) (cm.*?) (cm.“}) naphthalenes (cm.~!) (cm.“}) (cm.~}) 
3 17,300 a 17,300 | a 19,600 0 19,650 
Se ee 19,230 0 19,230 18,200 1400 18,200 
17,800 1430 17,800 16,950 2650 16,900 
16,600 * 2630 * -- BieY Seshovadasns 19,150 0 19,200 
REM cial cecestes 17,850 0 17,800 17,750 1400 17,725 
16,400 1450 ~ Bt sbveteumebas 19,900 0 19,900 
Be ivssnsrawenas 19,125 0 19,125 18,450 1450 18,500 
17,700 1425 17,650 17,150 2750 17,150 
16,400 * 2725 * —- 2) eee 18,300 — 18,350 
1-Nitronaphth- ¢ 18,800 0 18,800 nieces 18,850 0 18,850 
alene 17,400 1400 17,400 17,350 1500 17,350 
2-Nitronaphth- ¢ 19,550 0 19,550 GMP Siiediesntaas 19,450 0 19,450 
alene 18,150 1400 18,150 18,050- 1400 18,100 
* Measurements approximate. t+ No clear structure. 


The emission spectra of these compounds were also photographed to see if any other bands 
were present in the region 6000—7000 A (where the photomultiplier was insensitive). These 
determinations showed only a single band at the same wavelength as that found photoelectrically. 

The Nitronaphthalenes.—The emission maxima of these compounds in the frozen alcohol 
mixtures are given in Table 2. The wide separation of the first two bands (1400 cm.~) in the 
majority of these spectra suggested that processes other than simple 6-phosphorescence might 
be occurring. The relative intensities of the bands were therefore examined both as a function 
of temperature and in the presence of ethyl iodide.* Despite variations in intensities of a 
factor of ten in these experiments the relative intensities remained unaltered. 


DISCUSSION 


The Nitronaphthylamines.—The lowest-energy transition in the nitronaphthylamines 
probably arises in the excitation of one of the lone pair electrons of the amino-group to 


’ Graham-Bryce and Corkill, Nature, 1960, 186, 965. 
* Ward and Coulson, J., 1954, 4545. 
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give a state of the (m, x*) type. It has been shown by Reid ® that such states show much 
smaller splitting between the singlet and triplet levels than the (x, x*) type. The frequency 
differences between the absorption and emission bands of these compounds (Table 1) are 
of the same order whether the process is phosphorescence or fluorescence; as the first 
excited singlet (F) level might be expected to lie in the same relative position between the 
absorption and fluorescence bands in all these compounds, it appears that the singlet and 
triplet levels are very close. The absence of vibrational structure in the emission spectra 
is not unexpected as the 3(, x*) excited state is highly polar and so considerable solvent 
interaction would be likely. 

The occurrence of phosphorescence in only three of these compounds is surprising as 
Kasha ® has pointed out that (, x*) states have large spin-orbit interactions which will 
facilitate transfer from higher singlet states into the 3(m, x*) phosphorescence level. The 
luminescences of these compounds are all weak and it would seem probable that quenching 
of the triplet level by solvent or impurity interaction is responsible for the absence of 
phosphorescence rather than inefficient transfer from the singlet state. The solutions 
were not degassed, so that dissolved oxygen would be a possible quenching agent even at 
the high viscosities of the frozen solvents used. 

The Nitronaphthalenes.—The temperature independence of the intensity ratios of the 
bands of these compounds shows that the two bands do not correspond to the presence of 
both «- and 8-phosphorescence processes.’ The effect of adding ethyl iodide to the alcohol 
solvent (2:3 v/v) was to increase the intensity of the emissions and to decrease the half- 
lives of the phosphorescences,? but to leave the relative intensities unaltered. Since 
dilution and long exposure to unfiltered ultraviolet light were also without effect on the 
shapes of the spectral curves, the experimental results are inconsistent with processes 
other than transitions from the triplet level to various vibrational modes of the ground 
state. 

The selection rules governing the appearance of various vibrational modes in a spectrum 
are related to the elements of symmetry of the vibrations themselves and the electronic 
distributions of the two states between which the transition occurs. For an orbitally 
permitted transition in which the two electronic states belong to the same point group the 
permitted vibrational modes belong to the totally symmetrical representation of the group. 
The phosphorescence transition for naphthalene itself is orbitally permitted,® and Sidman °® 
found that for the halogenonaphthalenes the most prominent vibrations could be related 
to the totally symmetrical (Ag) motions of naphthalene. He concluded that these mole- 
cules possessed the same elements of symmetry in the ground and triplet levels. 

The first band for these compounds may be assigned to the 0-0 transition, the interval 
to the second band in most of these compounds (1400 cm.-!) corresponding to an Ag mode 
in which the C-C bond common to both rings (the 9,10 bond) is stretched. In some 
of these spectra a third band at 2700—2750 cm. from the 0-0 band could be detected; 
a probable assignment for this band is to a combination of a B,, (forbidden) vibration with 
another Ag mode (Ag + By, = 2730 cm."). The appearance of this By, mode in the 
phosphorescence spectra of other disubstituted naphthalenes both alone and in com- 
bination led Ferguson e¢ al." to suggest that the triplet state belonged to a lower sym- 
metry point group than the ground state. 

In the dinitronaphthalenes the only fundamental appears to be the 1400 cm.! Ag mode. 
As the B,, vibration occurs only as a combination with another Ag mode and as the same 
vibrational pattern is observed with isomers of widely differing symmetry, it seems that 
Reid, J. Chem. Phys., 1953, 21, 1906. 

Kasha, Discuss. Faraday Soc., 1950, 9, 14. 

Lewis, Lipkin, and Magel, J. Amer. Chem. Soc., 1941, 68, 3005. 
Craig, Proc. Int. Congr. Pure Appl. Chem., 1947, 11, 411. 
Sidman, J. Chem. Phys., 1956, 25, 229. 


Lippincott and O’Reilly, J. Chem. Phys., 1955, 23, 238. 
Ferguson, Iredale, and Taylor, /., 1954, 3160. 
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the distortion of the triplet state and the perturbation of the x orbitals by the nitro-groups 
must be small. Since the triplet state belongs to the 3(x, x*) type the solvent interaction 
so prominent in the amino-compounds is absent and relatively sharp spectra are obtained. 
The intensities of the three bands found in these spectra are of the same order. Since 
the 1400 cm.* mode is prominent in almost all cases it is possible that the triplet state in 
these compounds is only slightly distorted by an expansion of the 9,10 bond relative to 
the ground state. Since in the ground state this bond shows the greatest degree of fixation, 
its expansion when electrons are unpaired to form the triplet state might be expected. 

When the two substituent groups are adjacent to each other (as in the 1,2- and 2,3- 
isomers) the vibrational structure was no longer found and diffuse bands only were 
obtained. This effect may be interpreted as due to steric hindrance between the nitro- 
groups resulting in skeletal distortion of the molecule and a breaking down of the selection 
rules. 


We wish to thank Dr. E. J. Bowen, F.R.S., and Dr. D. Ll. Hammick, F.R.S., for helpful 
discussion and advice. One of us (J. M. C.) is indebted to the D.S.I.R. for a maintenance grant. 


Dyson PERRINS LABORATORY, OXFORD. 
PHYSICAL CHEMISTRY LABORATORY, OXFORD. [Received, March 28th, 1961.] 





762. Silicon Esters of Picolinic Acid. 
By G. H. SEARLE and C. J. WILKINs. 


Ultraviolet spectra of several silicon esters of picolinic acid show that 
intramolecular nitrogen-silicon co-ordination develops as the number of 
electronegative substituents on the silicon is increased. 


THERE is evidence that the ability of a silicon atom to co-ordinate electron-donor molecules 
is influenced by its environment.! As an alternative means of gaining evidence on this 
behaviour several silicon esters of picolinic acid (whose structure is appropriate for chel- 
ation) have been prepared and examined spectrophotometrically. Just as the spectra 
of pyridine,’ picolinic acid,* and methyl picolinate are modified by co-ordination, so any 
variation in the degree of development of intramolecular co-ordination between nitrogen 
and silicon in the silicon esters of this acid should lead to spectral differences. 


TABLE 1. Spectra and structures of silicon picolinates 


Extinction coeff. 


(or optical density *) for Ratio 
max. at max. at of Emax. Structural 
Compound + ~2190 A 2640 A values significance 
NG oeivice x crudvchtannden 9000 (2185 A) 3460 2-59 No N-Si bond 
OR Se 15,400 (2185 ») 7060 2-18 Weak N-Si bond 
re 1-18 * (2175 A) 0-62 * - 1-90 Ve AW 
Cl,SiPics, isomer (i) ......... 0-80 * (2200 A) 0-59 * 1-36 f ee re 
__, eaten 1-56 * (2190 A) 1-16 * 1-34 its 
en 8700 (2190 A) 3540 2-46 ) 
— ee 7630 (2195 A) 4380 1-74 Reference samples 
», (in 0-O01N-HC)) ...... 5400 (2195 A) 6900 0-78 f 


+ Pic = Picolinate. 


The ultraviolet spectrum of trimethylsilyl picolinate is found to be almost identical 
with that of methyl picolinate which was used as the reference compound. The spectra 
of the other esters (Table 1) in which the substituents provide a progressive increase in 


1 (a) Burg, J. Amer. Chem. Soc., 1954, 76, 2674; (b) Fergusson, Grant, Hickford, and Wilkins, /., 
1959, 99; (c) West, J. Amer. Chem. Soc., 1958, 80, 3246. 

2 Eaborn, J., 1955, 2047. 

3 Herington, Discuss. Faraday Soc., 1950, 9, 26; Evans, Herington, and Kynaston, Trans. Faraday 
Soc., 1953, 49, 1284. 
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electron withdrawal from the silicon show a corresponding change in the relative intensities 
of the two absorption peaks towards values characteristic of methyl picolinate in acid 
solution. It is concluded that the change arises from the development and strengthening 
of nitrogen-silicon bonding within the ester series. Such behaviour, which recalls structural 
differences amongst the silicon acetylacetonates,!’ confirms the dependence of the co- 
ordination behaviour of the silicon atom on the character of the substituents. 

Excepting methylchlorosilicon dipicolinate, which was prepared by the use of sodium 
picolinate, the esters were obtained by condensation of picolinic acid with the requisite 
chlorosilane. Two intermediate products of composition close to SiCl,(C;H,N-CO,). were 
obtained from silicon tetrachloride. These were found to recrystallise under identical 
conditions without interconversion. They are therefore isomers rather than dimorphs, 
which in itself is indicative of intramolecular co-ordination. 

The ease with which di- rather than mono- or tri-picolinate derivatives are obtained 
from silicon tetrachloride and methyltrichlorosilane means that replacement can be carried 
most readily to a stage permitting six-fold co-ordination. Failure to obtain trichlorosilyl 
picolinate, a compound conditions should otherwise favour chelation, may be significant 
in view of other evidence against five-co-ordinated silicon.” 

There seems some correlation between the number of strong absorptions in the “ ester 
region ’’ of the infrared spectra of the compounds and the evidence on co-ordination. 
Methyl picolinate, trimethylsilyl picolinate, and dimethylsilicon dipicolinate each show 
two peaks (at 1743 and 1724 cm.*, 1717 and 1697 cm.“, and 1757 and 1682 cm.+, re- 
spectively). On the other hand, dichlorosilicon dipicolinate (1745) and methylchloro- 
silicon dipicolinate (1736 cm.) each show one strong band. Silicon tetrapicolinate shows 
three bands (1723, 1706, and 1676 cm.*'), which seems consistent with the presence of both 
co-ordinated and unco-ordinated nitrogen atoms as six-fold co-ordination around silicon 
would require. 


EXPERIMENTAL 

Reactions between chlorosilanes and picolinic acid (or sodium picolinate) were carried 
out in boiling benzene, with stirring. The crystalline esters were separated from the associated 
picolinic acid hydrochloride (or sodium chloride) by extraction with benzene. 

Methyl picolinate * was purified by fractional distillation (93°/3 mm.). It melted at 19-0— 
19-5° and had m,,”° 1-5211 (Found: C, 61-5; H, 5-1; N, 9-8. Calc. for CsH,NO,: C, 61-3; 
H, 5-15; N, 10-2%). This compound, as with the silicon esters, was handled in absence of 
moisture. 

Ultraviolet spectra were recorded for cyclohexane solutions over the range 2000— 
3000 A. For the least soluble compounds optical densities only are given (Table 1). Infrared 
spectra were determined for liquid films or (for the solids) Nujol mulls. 

Preparation of Trimethylsilicon Picolinate and Dimethylsilicon Dipicolinate.—Trimethy]l- 
chlorosilane (27-1 g.) and picolinic acid (48-6 g.) were allowed to react for 6 hr. The solution 
was fractionally distilled to give trimethylsilyl picolinate (33 g.), b. p. 91°/2 mm. (Found: C, 55-4; 
H, 6-2; H, 7-7%; M, cryoscopic in benzene, 191. C,H,,NO,Si requires C, 55-3; H, 6-7; 
N, 7:2%; M, 195). The ester was hydrolysed quickly to picolinic acid and hexamethyl- 
disiloxane. 

Dimethyldichlorosilane (14-8 g.) and picolinic acid (57-0 g.), reacting for 24 hr., gave 
dimethylsilicon dipicolinate, sparingly soluble in benzene. The ester (33 g.) recovered by 
extraction was recrystallised (Found: C, 56-2; H, 4-3; N, 8-95; Cl, 0%; M, ebullioscopic 
in benzene, 291. (C,,H,,N,0,Si requires C, 55-6; H, 4:7; N, 93%; M, 302). A sample 
obtained by the use of silver picolinate gave: C, 55-2; H, 4-6; N, 9-3%,. 

Products from Silicon Tetrachloride and Picolinic Acid.—Reaction of the tetrachloride with 
more than four mol. of acid for 24—72 hr. gave only silicon tetrapicolinate, but reaction with 
less than 0-4 mol. of acid for 6 hr. gave the intermediate dichlorosilicon dipicolinates. Thus 
in a preparation where tetrachloride (12 g.) was treated with acid (52 g.) for 72 hr. the product 
of prolonged extraction gave the analysis: C, 55-5; H, 3-1; N, 10-8% (C.,H,,.N,O,Si requires 
* Levine and Sneed, J. Amer. Chem. Soc., 1951, 78, 5614. 
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C, 55°8; H, 3-1; N, 10-85%). The ¢etra-ester, m. p. 320° (decomp.), is decomposed by alkali 
but resistant to water. 

Extraction of the crude product obtained under the alternative conditions gave (i) crystals 
adhering to the flask, and (ii) suspended powder having a different X-ray powder photograph 
[Found (i): C, 43-0; H, 3-0; Cl, 19-6; N, 7-6. Found (ii): C, 41-4; H, 2-7; Cl, 18-2; N, 7-7. 
CyoH,Cl,N,O,Si requires C, 42-0; H, 2-8; Cl, 20-7; N, 82%]. Itis possible that both products 
were slightly contaminated with silicon tetrapicolinate. Re-extraction of (ii) for 3 days caused 
some 10% to disproportionate to tetrapicolinate, as shown by analysis and by the appearance 
of the new X-ray powder lines. 

Methylchlorosilicon Dipicolinate and Methylsilicon Tripicolinate.—Silane and finely powdered 
sodium picolinate (1 mol.) were allowed to react for 6 hr., giving a crystalline product (Found: 
C, 47-7; H, 3:25; Cl, 10-6; N, 8-1. Calc. for C,3H,,CIN,O,Si: C, 48-4; H, 3-4; Cl, 11-0; 
N, 87%). 

Replacement of the remaining chlorine by use of an excess (4 mol.) of sodium picolinate 
occurred slowly, to give methylsilicon tripicolinate. A sample recovered after 72 hours’ reaction 
was nearly pure (Found: C, 54-7; H, 3-5; N, 10-6; Cl, 0-2. Calc. for C,gH,;N,O0,Si: C, 55-7; 
H, 3-7; N, 10°:3%). 

X-Ray Powder Data.—Values of d, for compounds for whose identification powder photo- 
graphy was useful, are listed. 

Silicon tetrapicolinate: 8-14s, 6-26w, 5-97m, 5-62w, 5-25s, 4-75w, 4-39w, 3-99s, 3-78m, 3-37w, 
3°16s. 

Dichlorosilicon dipicolinate (i): 6-92s, 6-39s, 5-80w, 5-35m, 5-03s, 4-41m, 4-10s, 3-95s, 3-43s, 
331s. 

Dichlorosilicon dipicolinate (ii): 6-76m, 5-17s, 4-78m, 4-0lm, 3-3ls, 2-98w, 2-85m, 2-7lw, 
2-53m. 2-41w. 

Methylchlorosilicon dipicolinate: 7-72m, 6-50s, 6-02w, 5-56m, 4-68w, 4:46w, 3-90m, 3-65w. 

Methylsilicon tripicolinate: 8-05s, 7-03s, 5-84m, 5-34s, 4-77m, 4-13m, 3-94m, 3-83m, 3-46s. 


Misses J. M. Andrews and D. H. Dewar ,and Mr. G. R. Russell rendered experimental assistance. 
Support from the Research Fund of the University of New Zealand is acknowledged. 
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763. Ipecacuanha Alkaloids. Part tant * The Structure of Emet- 
amine: Stereospecific Synthesis of (+)-Emetamine and Indole 
Analogues of the Ipecacuanha Alkaloids,” 


By A. R. Battersby, G. C. Davipson, and J. C. TURNER. 


It is established that emetamine (I) contains a 1-substituted isoquinoline 
residue by degrading it to a l-isoquinolone. Similar degradation of a 
l-substituted 3,4-dihydroisoquinoline yields the oa 3,4-dihydro- 
1-isoquinolone. 
The controlled synthesis of (+)-emetamine (I) is described. 
Analogues of the Ipecacuanha alkaloids are prepared in which the 
isolated isoquinoline system is replaced by a @-carboline residue. 


EMETAMINE, Cy9H,,N,O,, is one of the minor alkaloids isolated 1 from Ipecacuanha which 
until recently * was not easy of access. For this reason its chemistry has not been fully 
examined and the available knowledge at the outset of the present work was as follows. 
Emetamine is a ditertiary base which contains four hydrogen atoms fewer than emetine 
(II). It is reduced by sodium and ethanol to isoemetine which differs from emetine (II) 


* Part VI, J., 1960, 3474. 


1 Pyman, jJ., 1917, 111, 419. 
* Battersby, Davidson, and Harper, /J., 1959, 1744. 
* Brindley and Pyman, J., 1927, 1067. 
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only in having the opposite configuration * at position 1’. On these grounds, Brindley 
and Pyman ® proposed a structure for emetamine though they based it upon an incorrect 
structure foremetine. When their proposal is considered in relation to the correct emetine 
structure ® (II), it leads to the structure (I) for emetamine. 

Ahl and Reichstein ® studied the dehydrogenation of emetine (II) over palladised 
charcoal at 190° which produced a complex mixture. A base was isolated from the 
products with properties in perfect agreement with those of emetamine, but no direct 
comparison could be made with the natural alkaloid. Accordingly, we repeated the 
dehydrogenation of emetine and isolated by countercurrent distribution a base having 
melting point, ultraviolet absorption, and partition ratio’ agreeing closely with those of 
emetamine, but the optical rotation of the new base was opposite in sign to that of 
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emetamine (I). The nature of the new base has not been further examined since it was 
considered preferable to gain structural information from emetamine itself. 

On the basis of structure (I), the ultraviolet absorption of emetamine should be the 
summation spectrum of a 1-alkyl-6,7-dimethoxyisoquinoline and a veratrole chromophore ; 
in keeping with this, the spectrum of emetamine is very similar (see Figure) to that of 
papaverine (III). Degradative evidence was obtained by conversion of emetamine with 
hot benzyl chloride into its bisbenzylochloride (IV) which in alkaline solution gave the 
anhydro-base (V). This was readily oxidised by permanganate to afford the known ® 
N-benzylisoquinolone (VI) which was identified by comparison with an authentic sample 
prepared ® from papaverine (III). Oxidation of the anhydro-base (X) under identical 
conditions yielded N-benzylcorydaldine (XI); it is thereby proved that the 3,4-double bond 
in the isoquinolone (VI) from emetamine has not been introduced oxidatively. Thus the 
presence of a 1-substituted isoquinoline residue in emetamine is established and this result 
taken with the earlier work leaves no doubt about the structure (I) for this alkaloid.* 

* The degradative work was outlined in a lecture ‘‘ The Structure and Chemistry of Emetamine,” 


A. R. Battersby, Chem. Soc. Special Publ. No. 3, “‘ Recent Work on Naturally Occurring Nitrogen 
Heterocyclic Compounds,’”’ London, 1955, p. 36. 

4 Pyman, /., 1918, 118, 222. 

5 Battersby and Openshaw, /., 1949, 3207 and refs. therein; Pailer and Porschinski, Monatsh., 
1949, 80, 94 and refs. therein. 

® Ahl and Reichstein, Helv. Chim. Acta, 1944, 27, 366. 

7 Craig and Craig, ‘‘ Techniques of Organic Chemistry,” Ed. Weissberger, Interscience, New York, 
1950, p. 171. 
8 Decker and Klauser, Ber., 1904, 37, 520. 
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The anhydro-base (X), used as a control substance in the foregoing work, was prepared 
as shown in the annexed scheme. Dehydrogenation of the 3,4-dihydroisoquinoline (VIII) 
over palladised charcoal gave the aromatised base (XIII), whilst borohydride reduction 
of the base (VIII) yielded the tetrahydroisoquinoline (XII). The same product (XII) 
was obtained when the isoquinolinium chloride (IX; X~ = Cl-) was shaken with hydrogen 
and palladium. The rapid rate at which two mol. of hydrogen were absorbed suggests 


se fe) 


ci" PhCH) 2N2 (IV) Ph-CHa—-N. y  (V) Ph-CH2—N. (VI 
that debenzylation precedes saturation of the ~C=N- system since hydrogenolysis of 
tertiary N-benzyl groups is normally slow under these conditions. Simple preparations 
of the compounds (XIV) and (XV) used in exploratory degradative work are described 
in the Experimental section; the amino-acid® (XV) was derived from the readily 
available  6,7-dimethoxy-1l-methylisoquinoline by condensation with benzaldehyde 
followed by oxidation. 

Battersby and Turner" described a stereospecific route to emetine (II) which as a 
result of previous conversions, also constituted a formal controlled synthesis of all the 
minor Ipecacuanha alkaloids with the exception of emetamine and protoemetine.!* 
Because of the relationships discussed above, the stereochemistry about rings D and E of 
emetamine (I) is the same as obtains in isoemetine, which, for this part of the molecule, 
is the same as that established #* for emetine (II). Thus the key intermediate (XVI; 
R = Et) prepared ™ for the synthesis of emetine is also the correct stereoisomer for the 
synthesis of emetamine. During our synthetic work, a brief account was given ™ of a 
Russian synthesis of (-+-)-emetamine in which the final steps are the same as ours. How- 
ever, since that work, unlike ours, is not sterically controlled and since in addition the 


® Carr and Pyman, J., 1914, 105, 1591. ’ 

10 Spath and Polgar, Monatsh., 1929, 51, 190. 

11 Battersby and Turner, /J., 1960, 717; for other syntheses of emetine see: Evstigneeva and 
Preobrashenski, Tetrahedron, 1958, 4, 223; Barash, Osbond, and Wickens, J., 1959, 3530; Brossi, 
Baumann, and Schnider, Helv. Chim. Acta, 1959, 42, 1515; Griissner, Jaeger, Hellerbach, and Schnider, 
Helv. Chim. Acta, 1959, 42, 2431; Burgstahler and Bithos, J. Amer. Chem. Soc., 1960, 82, 5466. 

12 Battersby and Harper, J., 1959, 1748. 

13 Battersby, Binks, and Davidson, J., 1959, 2704; Battersby and Garratt, J., 1959, 3512; Battersby 
and Garratt, Proc. Chem. Soc., 1959, 86; van Tamelen, Aldrich, and Hester, ]. Amer. Chem. Soc., 1959, 
81, 6214; Brossi, Cohen, Osbond, Plattner, Schnider, and Wickens, J., 1959, 3630; Ban, Terashima, 
and Yonemitsu, Chem. and Ind., 1959, 568, 569. 

14 Evstigneeva, Breier, and Preobrashenski, Doklady Akad. Nauk, 1957, 117, 227. 
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synthetic product was not compared with natural emetamine, we considered that our 
experiments should continue. 
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The ester (XVI; R = Et) was hydrolysed to the amino-acid (XVI; R = H) and as 
the mixed anhydride with ethyl hydrogen carbonate (i.e., XVI; R = CO,Et) was coupled 
with §,3,4-trimethoxyphenethylamine (XVII). A new asymmetric centre has been 
MeO MeO 
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XIX) 
~\ Et oF S m 
HN29 + 
XXI L + H 
CO-NH, ie (XX) 
introduced in this step so that two diastereoisomers of the amide (XVIII) might be expected. cl 
One was isolated crystalline by chromatography and it is possible (see below) that the ii 
second is present in the amorphous products. The yield in the ring-closure of the crystalline 
amide (XVIII) was highly dependent on the conditions used but a study of the total - 
reaction products from many reactions by ultraviolet analysis allowed a satisfactory | PI 
procedure to be developed. Chromatography of the products then afforded (-+-)-emetamine 
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in 67% yield; the infrared spectrum of the synthetic base was identical with that of the 
natural alkaloid, as were the respective spectra of the hydrogen oxalate salts. 

In experiments carried out before the best conditions for the cyclisation had been 
worked out, (-+-)-emetamine was accompanied by the amide (XXI). Its formation can 
be rationalised by considering acid-catalysed elimination of methanol from the methoxy- 
amide (XVIII). The product (XIX, without stereochemical implications for the double 
bond) could then accept a proton to yield the system (XX) which would be expected to be 
readily hydrolysed during the working-up of the reaction mixture with the formation of 
the amide (XXI). The structure of this by-product was confirmed by preparing it from 
the mixed anhydride (XVI; R = CO,Et) by treatment with ammonia. 

When the amorphous products from the preparation of the amide (XVIII) were 
cyclised with phosphoryl chloride a further small yield of (+-)-emetamine (I) was obtained. 

The synthetic work has been extended to the preparation of analogues of the Ipeca- 
cuanha alkaloids (e.g., II) in which rings A and B are replaced by a @-carboline residue. 
From the known physiological effects of reduced benzoquinolizidine derivatives and of 
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basic indole derivatives,!® it seemed that materials such as the bases (XXV) and (XXIII) 
might be of pharmacological interest. The amino-acid (XVI; R =H) was condensed 
with tryptamine by the method used in the emetamine synthesis. Cyclisation of the 
resultant amide (XXII) with phosphoryl chloride gave the base (XXIII), which is the 
indole analogue of O-methylpsychotrine (XXIV). Catalytic hydrogenation of this product 
gave a mixture of bases, from which one isomer (XXV) was isolated as the crystalline 
hydrochloride. It is not known at present whether the configuration at the asterisk 
corresponds to that of the emetine (II) or the isoemetine series. 


EXPERIMENTAL : 
For general directions, see Part I of this series.* 
Dehydrogenation of Emetine® (I1).—Emetine (3-4 g.) was heated with 20% palladised 
charcoal 2? (0-4 g.) at 180—190° (bath) in a stream of carbon dioxide; hydrogen (1-7 mol.) was 
evolved in 30 min. The cooled mixture was dissolved in ethanol, the solution was filtered and 


18 Brossi, Lindlar, Walter, and Schnider, Helv. Chim. Acta, 1958, 41, 119. 

16 See, inter al., Sexton, ‘‘ Chemical Constitution and Biological Activity,”’ Spon, London, 1949; 
Woodson, Youngken, Schlittler, and Schneider, ‘“‘ Rauwolfia: Botany, Pharmacognosy, Chemistry and 
Pharmacology,” Little, Brown and Co., Boston, U.S.A., 1957. 

17 Linstead and Thomas, /J., 1940, 1130. 
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the filtrate was evaporated. Distillation of the residue at 0-01 mm. gave one fraction distilling 
up to 165° (bath) and a second distilling at 165—-225°. The latter (1-63 g.) was fractionated 
by countercurrent distribution in the system used ? to isolate emetamine from Ipecacuanha. 
Recovery of the base from the ‘“‘ emetamine ”’ fraction as before ? gave a gum which was treated 
in ethanol (20 ml.) with hydrated oxalic acid (0-8 g.). Crystals separated (0-62 g.), m. p. 155— 
157° (decomp.), {a],!® +10-6° (c 4-0 in H,O). The base was recovered from the hydrogen 
oxalate for a second distribution between ethyl acetate and 0-5m-phosphate buffer (pH 5-3). 
After 36 transfers, the contents of tubes 10—25 were worked up for base as usual ? and the 
resultant gum (0-35 g.) crystallised from ethyl acetate to give a crystalline base, m. p. 142— 
143°. Part of this base (30 mg.) in ethanol (1 ml.) was treated with hydrated oxalic acid 
(18 mg.), giving the crystalline hydrogen oxalate which, recrystallised from ethanol, had m. p. 
165—166° (decomp.), [a],,"* + 10-3° (c 17-1 in H,O) (Found: C, 57-7, 57-4; H, 6-0, 6-4; N, 3-5. 
CygHygN.04,2C,H,O,,2H,O requires C, 57-2; H, 6-4; N, 4:05%). In parallel countercurrent 
distributions on natural emetamine and on the above base in the same solvent system under 
identical conditions, the two had the same partition ratio. 

Emetamine base! has m. p. 155—156° (corr.); emetamine hydrogen oxalate? has m. p. 
165—171° (corr.), {«],, —6-0° (c 3-92 in H,O). 

Preparation and Oxidation of Emetamine Bisbenzylochloride (IV).—A solution of emetamine ? 
(86 mg.) in freshly distilled benzyl chloride (2 ml.) was heated at 100° for 4 hr. and then 
evaporated to dryness. Trituration of the residue with ether (2 x 15 ml.) initiated crystal- 
lisation and the bisbenzylochloride (121 mg.) was collected and washed with ether. The solid 
was suspended in water (4 ml.) and was treated at 0° with 2N-sodium hydroxide (0-15 ml.) and 
rigorously purified dioxan (16 ml.) to afford a clear solution. This was vigorously stirred at 0° 
while a solution of potassium permanganate (56 mg.) in water (5 ml.) was added dropwise 
during 30 min. After the manganese dioxide had been coagulated by heat, it was filtered off 
and washed with water and hot acetone. Evaporation of the organic solvents from the filtrate 
gave an aqueous suspension of crystals which were collected (26 mg.; m. p. 159—161°). 
Sublimation at 150°(bath)/0-1 mm. gave the N-benzylisoquinolone (VI), m. p. and mixed m. p. 
with an authentic sample prepared § from papaverine 160—161-5°; the authentic sample had 
m. p. 162—163° in same bath. The ultraviolet spectra of the two samples (VI) were identical: 
Amax, 249, 282, 294, 312, 322, 336 my (log ¢ 4-67, 3-89, 3-95, 3-59, 3-65, 3-53 respectively) in EtOH. 

N-(3,4-Dimethoxyphenethyl)-a-cyclohexylacetamide (VII).—Cyclohexylacetic acid 3* (5 g.) 
was warmed on the steam bath for 1 hr. with thionyl chloride (15 ml.), the excess of thionyl 
chloride was evaporated, and the residue, in anhydrous ether (25 ml.), was added dropwise 
to a stirred solution of 3,4-dimethoxyphenethylamine (12-8 g.) in ether (100 ml.). Water 
(100 ml.) and ethyl acetate (300 ml.) were then added and after equilibration and separation 
the ethyl acetate solution was shaken with an excess of 2N-hydrochloric acid and finally with 
water. Evaporation of the dried organic solution and crystallisation of the residue from toluene, 
gave the amide (VII) as plates (7 g.), m. p. 108—109° (Found, in material dried at 78°: C, 
71-1; H, 8-1; N, 4:9. C,,H,,NO, requires C, 70-8; H, 8-9; N, 4-6%). 

1-Cyclohexylmethyl-3,4-dihydro-6,7-dimethoxyisoquinoline (VIII).—A solution of the fore- 
going amide (4-87 g.) in dry toluene (15 ml.) was heated under reflux for 1 hr. with phosphoryl 
chloride (6-5 ml.), cooled, and treated with ice-water (30 ml.). The separated toluene layer was 
extracted with 2n-hydrochloric acid (3 x 30 ml.), and the combined aqueous solutions were 
basified with aqueous sodium hydroxide and extracted with ether (3 x 100 ml.). Evaporation 
of the dried extracts gave the dihydroisoquinoline (VIII) (4-7 g.)._ This was converted into the 
perchlorate by treatment with perchloric acid in ethanol; the crystalline precipitate, recrystal- 
lised from ethanol, had m. p. 153—155° (5-5 g.) (Found: C, 55-7; H, 6-9. C,,H,,CINO, requires 
C, 56-0; H, 6-75%), Amax, 242, 301, 348, Amin, 223, 261, 319 my (log ¢ 4-30, 3-04, 4-03, 3-87, 2-88, 
3-81 respectively) in H,O. 

The base was recovered from the perchlorate as usual and crystallised from ether as needles, 
m. p. 75—76°; these were sublimed at 130°(bath)/0-1 mm. for analysis (Found: C, 75-2; H, 8-6; 
N, 5:2. C,,H,,NO, requires C, 75-2; H, 8-8; N, 4:9%). The picrate was prepared in ethanol 
and had m. p. 204—205° (decomp.). 

1-Benzyl-3,4-dihydro-6,7-dimethoxyisoquinoline (XIV).—This was prepared from 3,4-di- 
methoxyphenethylamine and phenylacetic acid as for the cyclohexyl analogue (VIII) above. 


The crude base (80% yield from the intermediate amide) was converted into the hydrogen . 


18 Hope and Perkin, J., 1909, 95, 1360. 
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oxalate as above in ethanol and, recrystallised from ethanol, had m. p. 224—225° (decomp.) 
(Found: C, 64-5; H, 5-4; N, 3-6. Cy 9H,,NO, requires C, 64-7; H, 5-7; N, 38%). 

2-Benzyl-1-cyclohexylmethyl-3,4-dihydro-6,7-dimethoxyisoquinolinium Iodide (IX; X7= 
I~).—The base (VIII) (2-49 g.) was heated with benzyl chloride (10 ml.) at 100—120° (bath) 
for 6-5 hr., and the mixture was then cooled. The precipitated crystals were collected and 
washed with ether but, because of their hygroscopic nature, the iodide was prepared by dissolving 
a portion of the chloride in 1: 1 aqueous acetone and adding an excess of potassium iodide. 
Recrystallised from ethanol, the iodide (IX; X~ = I>) had m. p. 208—209° (Found: C, 59-9; 
H, 6-3; N, 2-8. C,;H3,.INO, requires C, 59-4; H, 6-4; N, 2-8%). 

Oxidation of the Anhydro-base derived from the Salt (IX; X~ = Cl-).—Purified dioxan 
(30 ml.) and 2N-sodium hydroxide (1-5 ml.) were added to a solution of the foregoing chloride 
(IX; X~ = Cl) (1 g.) in water (8 ml.). The resultant solution was stirred and treated dropwise 
at 0° during 30 min. with a solution of potassium permanganate (0-55 g.) in water (30 ml.). 
After the manganes2 dioxide had been coagulated by heat, it was removed by filtration, the 
solution was freed from organic solvents by evaporation, and the resultant aqueous suspension 
was extracted with ethyl acetate (3 x 50 ml.). The extracts were washed with dilute acid and 
saturated aqueous sodium carbonate, and were dried and evaporated. Crystallisation of the 
residue from ether gave 2-benzyl-1,2,3,4-tetrahydro-6,7-dimethoxy-l-oxoisoquinoline (XI) 
as needles (349 mg.), m. p. 101—102° (lit.,1® m. p. 84°) * (Found, in material dried at 78°: C, 72-9; 
H, 6-7; N, 4-7. Calc. for CjgH,,NO,: C, 72:7; H, 6-4; N, 4°7%), Amax 224, 250 (infl.), 262, 
270, 298, Amin, 241, 268, 281 my (log ¢ 4-54, 3-90, 4-00, 3-98, 3-90, 3-85, 3-97, 3-65 respectively) 
in EtOH. 

1-Cyclohexylmethyl-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline (XII).—(a) From the dihydro- 
isoquinoline (VIII). Potassium borohydride (99 mg.) was added to a solution of the dihydro- 
isoquinoline (VIII) in methanol (10 ml.) and after the mixture had been heated on the steam 
bath for 1 hr. the methanol was evaporated. The residue was acidified with 2N-hydrochloric 
acid, and the solution was then made strongly alkaline and extracted with ether to yield a gum. 
A solution of this in ethanol was treated with an excess of oxalic acid, and the precipitated 
tetvahydrotsoquinoline hydrogen oxalate (as XII) was recrystallised from ethanol (121 mg.), then 
having m. p. 196—197° (decomp.) (Found: C, 63-0; H, 7:7; N, 3-8. Cj ,H,,NO, requires 
C, 63-3; H, 7-7; N, 37%). 

(b) From the isoquinolinium salt (IX; X~ = Cl-).—A solution of the iodide (IX; X~ = I-) 
(0-5 g.) in 1: 1 aqueous ethanol was shaken for 2 hr. with freshly precipitated silver chloride 
(1 g.) and then filtered. Hydrated sodium acetate (0-41 g.) was added to the filtrate which was 
then shaken with hydrogen and 10% palladised charcoal (0-2 g.); uptake (1-9 mol.) was complete 
in 45 min. After removal of the catalyst, the solution was freed from alcohol by evaporation, 
basified, and extracted with ether, to give a base (215 mg.) which was converted in ethanol 
almost quantitatively into the hydrogen oxalate, m. p. and mixed m. p. with product from 
(a) 194—-195° (decomp.). 

1-Cyclohexylmethyl-6,7-dimethoxyisoquinoline (XIII).—VThe dihydroisoquinoline (VIII) 
(1-69 g.) was heated at 170° (bath) for 30 min. with 10% palladised charcoal (0-4 g.) in a stream 
of carbon dioxide. A solution of the products in ethanol was filtered and evaporated to dryness; 
crystallisation of the residue from ether and aqueous ethanol gave the isoquinoline (XIII) 
(1-16 g.), m. p. 102-5—103-5° (Found: C, 75-4; H, 8-05, C,,H,,;NO, requires C, 75-75; H, 
8-1%). 

6,7-Dimethoxyisoquinoline-l-carboxylic Acid (XV).—1-Methyl-6,7-dimethoxyisoquinoline 1° 
(1 g.) was heated under reflux with benzaldehyde (8 ml.) and zinc chloride (0-6 g.) for 5 hr. at 
170—180° (bath). The cooled mixture was partitioned between an excess of 2N-hydrochloric 
acid and benzene (30 ml.), and the separated aqueous layer, containing much crystalline matter 
in suspension, was basified. Extraction with ethyl acetate yielded crude 6,7-dimethoxy-1- 
styrylisoquinoline (1-06 g.) which was crystallised from aqueous ethanol. The crystals (750 
mg.) were dissolved in 1: 1 aqueous acetone (130 ml.) and the solution was stirred at 0—5° 
whilst a solution of potassium permanganate (1-31 g.) in water was added during 0-5hr. After 


* Professor Sugasawa has kindly informed us that he and Mr. H. Itoh have found N-benzylcoryd- 
aldine to be dimorphic, having the less stable form as prisms, m. p. 89—90°, and the more stable form 
as needles, m. p. 101—102°. The latter sample is identical with our material (mixed m. p. and infrared 
spectrum). 


19 Itoh and Sugasawa, Tetrahedron, 1957, 1, 45. 
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the mixture had been stirred at room temperature for 1 hr., it was filtered, evaporated to 40 ml., 
and extracted with ethyl acetate (2 x 25 ml.). The aqueous solution was adjusted to pH 4:5 
with hydrochloric acid, and the crystals of the acid (XV), m. p. 204—205° (décomp., gas), which 
separated at 4° overnight were collected (453 mg.). Carr and Pyman ® record m. p. 208° (corr.). 

The acid (15 mg.) was heated at 220° until gas evolution ceased; the resulting gum was 
converted into the picrate in ethanol. Recrystallisation from ethanol gave 6,7-dimethoxyiso- 
quinoline picrate, m. p. and mixed m. p. 228—229° (decomp.). Carr and Pyman ® record 
m. p. 227°( corr.). 

8,3,4-Trimethoxyphenethylamine (XVII).—This has been prepared previously *° by reduction 
of 2-(3,4-dimethoxypheny])-2-methoxynitroethane ® with sodium amalgam. The preparation 
was simplified by reducing the nitro-compound in the standard way *! with lithium aluminium 
hydride in anhydrous ether under reflux. 

3-Ethyl-1,2,3,4,6,7-hexahydro - 9,10 -dimethoxy - 2-[N - 8,3,4 -trimethoxyphenethylcarbamoyl) - 
methyl \benzo[alquinolizine (XVIII).—A solution of the ester™ (XVI; R = Et) (12-1 g.) in 
ethanol (20 ml.) was heated under reflux for 1-5 hr. with N-sodium hydroxide (45 ml.), then just 
acidified with concentrated hydrochloric acid and evaporated to dryness. After the residue 
had been dried for 10 min. at 90°/0-2 mm. it was exhaustively extracted with hot, dry methanol, 
and the solution was evaporated to dryness. Anhydrous dimethylformamide (30 ml.) was 
added and the solution was stirred at — 2° while triethylamine (9-35 ml.) and ethyl chloroformate 
(3-2 ml.) were added during 10 min. The mixture was then stirred for 15 min. more before 
8,3,4-trimethoxyphenethylamine *° (XVII) in dimethylformamide (20 ml.) was added dropwise 
in 20 min., and the stirring was continued for 1 hr. at 0° and 1 hr. at room temperature. The 
residue left on evaporation of the solution was dissolved in 0-5n-hydrochloric acid (200 ml.), 
and the solution was extracted with ethyl acetate (2 x 100 ml.), then basified (sodium carbonate) 
and re-extracted with ethyl acetate (1 x 200; 2 x 100 ml.). The combined ethyl acetate 
solutions were shaken with buffer (2 x 300 ml.) made from 0-5mM-K,HPO, (47 vol.) and 
0-5M-KH,PO, (53 vol.). Evaporation of the dried organic solution left a resin (8-82 g.) which 
crystallised from ethyl acetate to give the amide (XVIII) (2-66 g.), m. p. 176—178° raised to 
179—180° by recrystallisation from ethyl acetate and from ethanol (Found: C, 68-1; H, 8-0; 
N, 5-5. OMe, 29-1. C3 9H,,N,O, requires C, 68-4; H, 8-0; N, 5-3; OMe, 29-45%) 

The mother liquors from the above crop of amide were evaporated to dryness, and the 
residue in benzene was run on a column of alumina (Peter Spence; Type “‘H’”; 40cm. x 2-5 
cm.). Elution with benzene (600 ml.) removed a syrup (1-9 g.), and 2: 1: 1 benzene—chloro- 
form-—ether (1 1.) eluted the crude amide (XVIII). Crystallisation of this total fraction gave 
the amide (1-77 g.), m. p. 177—-178°; the mother liquors (A) from this fraction were reserved. 
Total yield of one diastereoisomer of amide (XVIII) was 4-43 g. 

(+)-Emetamine (I).—Phosphoryl chloride (9 ml.) was added to a solution of the amide 
(XVIII) (77 mg.) in anhydrous xylene (25 ml.) at room temperature. The temperature of the 
solution was then raised to 130° during 1 hr. and maintained at 130° for 1 hr. After most of 
the volatile material had been evaporated, the residue was partitioned between ether (20 ml.) 
and 0-1n-hydrochloric acid (20 ml.), and the clear aqueous layer was extracted with more ether 
(2 x 10 ml.). Basification of the aqueous layer with sodium carbonate and extraction with 
3: 1 ether—chloroform (3 x 20 ml.) removed the organic bases which were recovered as a gum 
(67 mg.) from the dried solution by evaporation. The gum was purified on alumina (Peter 
Spence; Type ‘“H’’); elution with 1: 1 benzene—chloroform removed the required base which 
was converted into (+)-emetamine hydrogen oxalate (69 mg.), m. p. 168—169° (decomp.), by 
treatment with an excess of hydrated oxalic, acid in ethanol (Found: C, 57-4; H, 62. 
C33HypN.O,2,2H,O requires C, 57-2; H, 6-4%). 

The hydrogen oxalate was dissolved in water, and the solution basified and extracted with 
3:1 ether—chloroform to give (-+)-emetamine (45 mg.) which, crystallised thrice from ether, 
had m. p. 132—133° (Found: C, 73-1; H, 7-9; N, 6-0. C,,H;,N,O, requires C, 73-1; H, 7-6; 
N, 59%). The infrared spectrum of this product (CHC, solution) was identical with that of 
natural emetamine. 

When the amorphous material (1-18 g.) from the mother liquors A above was cyclised in a 
similar way, a mixture of basic products was obtained which was fractionated on alumina as 


20 Rosenmund, Ber., 1913, 46, 1034. 
21 Cf., e.g., Hamlin and Weston, J. Amer. Chem. Soc., 1949, 71, 2210. 
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above. The emetamine fraction afforded (-+)-emetamine hydrogen oxalate (0-23 g.), m. p. 
and mixed m. p. with above product 168—169° (decomp.). 

2-Carbamoylmethyl-3-ethyl-1,2,3,4,6,7-hexahydro-9,10-dimethoxybenzo[a]quinolizine (XXI).— 
(a) As by-product from the ring closure. A solution of the amide (XVIII) (0-74 g.) in anhydrous 
xylene (30 ml.) was heated under reflux for 1 hr. with phosphoryl chloride. The mixture was 
worked up for base as in the foregoing experiment and yielded a gum (0-72 g.). A solution of 
this in benzene was run on alumina and, after development with benzene, the column was 
eluted with 1: 1 benzene-chloroform to give a fraction containing (+)-emetamine [387 mg., 
yielding 217 mg. of (+)-emetamine hydrogen oxalate], a mixed fraction (112 mg.), and then 
the amide (XXI) (0-1 g.) which recrystallised from ethanol as needles, m. p. 226—227° after 
change of form at 205—210° (Found: C, 69-0; H, 8-5; N, 8-0; OMe, 18-6. C,,H,,N,O; 
requires C, 68-65; H, 8-5; N, 8-4; OMe, 18-7%). 

(b) By synthesis. Theester (XVI; R = Et) (0-5 g.) was converted into the mixed anhydride 
(XVI; R= CO,Et) by the method used for the preparation of the amide (XVIII) above. 
Aqueous ammonia (d 0-880) (0-5 ml.) was added dropwise to the solution at — 2° and the stirring 
was continued for 1 hr. at 0° and 1 hr. at room temperature. The mixture was then worked up 
for weak bases as for (XVIII), yielding a gum (73 mg.) which crystallised from ethanol to give 
the amide (X XI), m. p. and mixed m. p. with product from (a) 226—227° after change of form 
at 205—210°. The infrared spectra of the two samples were identical. 

3-Ethyl-1,2,3,4,6,7-hexahydro - 2 -[(N-2-3’-indolylethylcarbamoyl)methyl1\-9,10-dimethoxybenzo- 
(alguinolizine (XXII).—The ester (XVI; R = Et) (1-3 g.) was converted into the dry hydro- 
chloride of the corresponding amino-acid as described for the preparation of the amide (XVIII). 
This solid was stirred at —5° with chloroform (30 ml.) and triethylamine (1-0 ml.). Ethyl 
chloroformate (0-35 ml.) was then added to the solution and after 25 min. finely powdered 
tryptamine (0-58 g.) was added. The mixture was stirred for 3 hr. and during this period was 
allowed to warm to room temperature, then shaken with benzene (70 ml.) and chloroform (40 
ml.); the organic solution was washed with dilute sodium carbonate solution, water, and 
0-5mM-phosphate buffer (pH 6-6; 3 x 40 ml.). Evaporation of the dried organic solution left 
a resin (1-24 g.) which crystallised from benzene. Filtration of a solution of the crystals in 
chloroform through alumina (5 g.) and crystallisation of the product from benzene gave the 
amide (XXII) (637 mg.), m. p. 175—176° (Found: C, 73-6; H, 8-05; N, 8-7. C,.H;,N,0; 
requires C, 73-2; H, 7-85; N, 8-85%). 

2-(3,4-Dihydro-B-carbolin-1 -ylmethyl) -3-ethyl-1,2,3,4,6,7 -hexahydro]-9,10-dimethoxybenzo{a] - 
quinolizine (X XIII).—A solution of the foregoing amide (0-4 g.) in toluene (30 ml.) was heated 
under reflux with phosphoryl chloride (0-8 ml.) for 2-5 hr. Water (250 ml.) was added to the 
cooled mixture, and the clear aqueous solution was extracted with ether (2 x 100 ml.), basified, 
and re-extracted with ether (3 x 100 ml.). Evaporation of the dried second set of ether 
extracts left a solid which was chromatographed on alumina in chloroform. Recrystallisation 
of the purified material from ether and aqueous methanol gave the benzoquinolizidine (XXIII) 
(310 mg.), m. p. 133—134°, which underwent ready oxidation in light and air to a red product. 
This probably accounts for the slightly low carbon value (Found: C, 75-35; H, 7-7. Cy 9H;,N;0, 
requires C, 76-1; H, 7-7%). 

A portion was converted into the hydrogen oxalate by treatment with an excess of hydrated 
oxalic acid in ethanol; the salt recrystallised from ethanol.as yellow needles, m. p. 221—225° 
(decomp.) (Found: C, 60-9; H, 6-1. C,,;H39N,;0,9,H,O requires C, 60-5; H, 6-3%). 

3-Ethyl-1,2,3,4,6,7 -hexahydro -9,10-dimethoxy -2-(1,2,3,4-tetrahydro-8-carbolin-1-ylmethyl) - 
benzo[a]quinolizine (XXV).—A solution of the foregoing base (131 mg.) in ethanol (10 ml.) and 
concentrated hydrochloric acid (2 drops) was shaken with Adams platinum oxide (15 mg.) at 
room temperature and pressure. Uptake (1-04 mol.) was complete in 3 hr. After the solution 
had been filtered, it was evaporated to dryness and the residue was crystallised from 2N-hydro- 
chloric acid to give the tetrvahydro-B-carboline hydrochloride (50 mg.), m. p. 227—-229°, which was 
recrystallised from the same solvent (Found: C, 63-1; H, 7-6. C,H 3,N,Cl,O,,H,O requires 
C, 63-3; H, 7-5%). 


Grateful acknowledgment is made to Messrs. Whiffen and Sons Limited for financial 
support, and to Professor S. Sugasawa for samples of N-benzylcorydaldine. 
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764. Structural Studies on the Gum Exudate of Albizzia zygia 
(Macbride). 


By D. W. DrumMMonpD and ELIZABETH PERCIVAL. 

Lt-Arabinose, D-mannose, D-galactose, L-rhamnose (trace quantity), 
p-glucuronic acid, 4-O-methyl-p-glucuronic acid, 3-O-8-p-galactopyranosyl- 
L-arabinose, 3-O-8-p-galactopyranosyl-p-galactose, 6-O-8-p-galactopyranosyl- 
p-galactose, 4-O-a-(4-O-methyl-p-glucopyranuronosyl)-p-galactose, and 
2-O-8-p-glucopyranuronosyl-D-mannose have been separated and charac- 
terised from acid hydrolysates of this gum. From the presence of these 
constituents and periodate-oxidation studies on the whole gum possible 
structural features of the gum are discussed. 


Albizzia zygia (Macbride), also known as A. brownet (Walp.) or West African walnut, is a 
tree of widespread distribution throughout West and Central Africa. It is particularly 
abundant in Ghana and Southern Nigeria, where it grows usually 30—40 feet high in the 
deciduous and secondary forests ! and it is also grown in plantations to provide timber for 
building purposes.2. The genus A/bizzia containing some twenty-six species is a member 
of the Mimosacez, a family which also includes the gum-bearing genera Acacia and Prosopis. 
Only two species of Albizzia, A. zygia and A. sassa, are however, known to produce gum. 

The present sample of gum collected by Mr. J. Hotson, of the Soil and Land-use Survey, 
from the Gold Coast (Ghana), West Africa, was shown to be essentially homogeneous in 
character by analysis of three separate gum nodules. Each nodule contained the same 
proportion of acetyl, methoxyl, and ash and each gave on hydrolysis the same mixture of 
neutral sugars and uronic acids. The presence of acetyl groups is a common feature of 
unpurified gums, particularly in Sterculia spp. and has been reported in the exudates of 
Cochlospermum gossypium * and Fagara xanthoxyloides.® 

The present gum partly dissolved in water to yield a pale brown, slightly acidic gel 
and an insoluble horn-like residue. Treatment with aqueous sodium hydroxide also 
partly dissolved it, and addition of ethanol to the acidified solution precipitated poly- 
saccharide material (A) in a yield of 58%. A further yield of polysaccharide (B) (16% 
of weight of crude gum) was obtained by hot aqueous extraction of the alkali-insoluble 
residue. 

Both polysaccharides (A) and (B) had positive rotations and contained pD-galactose, 
D-mannose, and L-arabinose together with traces of L-rhamnose. The molar proportions 
of these sugars in hydrolysates of the polysaccharides varied with the conditions of 
hydrolysis; galactose and arabinose were the major sugars and mannose was present only 
in traces in hydrolysates obtained under relatively mild conditions. On the other hand, 
under more drastic conditions of hydrolysis these polysaccharides gave hydrolysates 
containing ~20% of mannose units. The proportion of galactose to arabinose in a mild 
acid hydrolysate of polysaccharide (A) was 1:1-5, and 1: 0-86 in a more drastic acid 
hydrolysate. In contrast, polysaccharide (B) gave corresponding hydrolysates in which 
the molar proportions were galactose : arabinose = 1: 0-5 and 1: 0-4, respectively. Both 
polysaccharides contained about 1% of methoxyl and 1% of ethoxyl. Recent experi- 
ments ® have shown that complete removal of solvent of precipitation from polysaccharides 
is very difficult and since both polysaccharides had been precipitated with ethanol it 
appeared probable that the presence of ethoxyl was due to adhering solvent. Hence ina 
subsequent extraction propanol-2-ol was used as the precipitating solvent, and the resulting 

1 Irvine, “‘ Plants of the Gold Coast,’’ Oxford University Press, London, 1930. 

2 Unwin, West African Forests and Forestry, T. F. Unwin Ltd., London, 1920. 

3 (a) Hirst, Percival, and Williams, J., 1958, 1942; (b) Beauquesne, Bull. Soc. Chim. biol., 1946, 
28, 895; (c) Hirst, Hough, and Jones, J., 1949, 3145. 

* Hirst and Dunstan, /., 1953, 2332. 


5 Torto, Nature, 1957, 180, 864. 
6 Anderson and Duncan, Talanta, 1961, 8, 241; Anderson and King, ibid., 1961, 8, 497. 
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polysaccharide was found to be devoid of ethoxyl but to contain a small quantity of 
isopropoxy-groups. 

The two heteroglycans (A) and (B) differed in their uronic acid content: the former 
contained 23-5% and the latter 32-6% of uronic anhydride. However, analyses of similar 
acid hydrolysates revealed that the molar ratio of glucurone to 4-O-methylglucuronic 
acid was approximately 1-8: 1 in both polymers. Since the small proportion of glucurone 
which runs on the paper chromatogram as the acid is ignored in this estimation the molar 
ratio of glucuronic acid to 4-O-methylglucuronic acid is probably nearer 2:1. In view 
of the fact that arabinose and rhamnose units are cleaved from polysaccharide (A) by 
autohydrolysis it is possible that (A) and (B) do not represent different polysaccharides 
but that under the conditions necessary for the isolation of (B) a number of the more labile 
sugar linkages are cleaved and a polymer containing a high proportion of the acid-resistant 
glucuronosyl links remains. As will be seen below, however, oxidation studies indicate 
other differences in the macromolecular structure of these two materials. 

It is difficult to obtain an accurate picture of the overall composition of these poly- 
saccharides owing to the stability of the mannosyl and glucuronosy] links to, and the ready 
degradation of the arabinose units by, acid. By combining the results from a mild acid 
hydrolysis of polysaccharide (A) (galactose : arabinose = 1: 1-5) with those of a more 
drastic hydrolysis (galactose : mannose : arabinose = 1 : 0-36: 0-9), and bearing in mind 
that the polysaccharide contains 23-5% of uronic acid (glucuronic acid : 4-O-methy]l- 
glucuronic acid = 2:1), it may be deduced that this polysaccharide comprises 
D-galactose : D-mannose : L-arabinose : L-rhamnose : D-glucuronic acid : 4-O-methyl-p- 
glucuronic acid in approximately the molar ratios of 4: 15:6: trace:2:1. This, however, 
can only be regarded as a rough estimate since any difference in the extent to which 
galactose and mannose, and glucuronic acid and 4-O-methylglucuronic acid, are degraded 
by acid is ignored. 

Attempts to fractionate polysaccharide (A) by precipitation with cetyltrimethyl- 
ammonium bromide or by graded addition of ethanol were unsuccessful. In the latter 
experiments a plot of the fraction of polysaccharide precipitated against the concentration 
of ethanol in the solution gave a curve typical of a homogeneous polymer.’ 

L-Arabinose, D-galactose, L-rhamnose, and D-mannose were separated from a partial 
acid hydrolysate on a cellulose column. The first two were isolated as crystalline sugars 
and all of them were characterised by their optical rotations and the formation of known 
crystalline derivatives. From the acidic fraction of the hydrolysate crystalline D-glucurone 
was separated and characterised by chromatographic mobility, optical rotation, m. p., 
and mixed m. p. and by the formation of the crystalline #-nitroanilide. Syrupy 4-0- 
methyl-p-glucuronic acid was also separated and characterised by chromatographic 
mobility, rotation, and methoxyl content. 

The water washings from the column on which the acidic fraction had been separated 
contained partly degraded polysaccharide. A portion of this material was re-hydrolysed 
and chromatography of the resulting syrup revealed the same constituents as were in the 
original polysaccharide, except that the proportion of arabinose had been reduced to a 
trace. A second portion of the degraded polysaccharide was converted into the methyl 
ester methyl glycoside and reduced. From the syrup obtained on hydrolysis of the 
reduced mixture crystalline D-glucose was separated and charactérised. Syrupy 4-0- 
methyl-D-glucose (P) which was chromatographically and ionophoretically identical with 
an authentic sample was also isolated. This sugar yields, on oxidation with sodium 
periodate, 2-O-methylerythrose, characterised as an orange spot on a paper chromatogram.® 
Chromatographic examination of syrup (P) after oxidation with periodate revealed the 
presence of this spot, confirming that syrup (P) was indeed 4-O-methylglucose and that 
4-O-methylglucuronic acid is a constituent of the heteroglycan from A. zygia. 


7 Bishop, Canad. J. Chem., 1957, 35, 1010. 
§ Lemieux and Bauer, Canad. ]. Chem., 1953, $31, 814. 
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From a partial acid hydrolysate, after removal of partly degraded polysaccharide 
material (Y), a syrup containing neutral mono- and oligo-saccharides was separated. 
These were fractionated by graded elution on a charcoal—Celite column and, after further 
fractionation on thick paper, pure samples of a fast-moving material (X) (which will be 
discussed below), three disaccharides, and two higher saccharides were isolated. 3-O0-8-p- 
Galactopyranosyl-p-galactopyranose was obtained in the largest amount and partly 
crystallised. It gave only galactose on hydrolysis and was characterised by m. p. and 
mixed m. p., rotation, chromatographic mobility, and by the ionophoretic speed of its 
N-benzylglycosylammonium ion. The amount of periodate it reduced was slightly 
lower than that reduced by laminaribiose but could only correspond to a 1,3’-linked 
disaccharide. 

3-O0-8-p-Galactopyranosyl-L-arabinose also partly crystallised after separation and 
was characterised by m. p. and mixed m. p., rotation, and chromatographic and iono- 
phoretic mobility. Acid hydrolysis before reduction yielded equal amounts of arabinose 
and galactose, and after reduction only galactose was obtained on hydrolysis. This 
confirms that it was the arabinose moiety which carried the free reducing group. 

A small quantity of syrup which was tentatively identified by rotation and chromato- 
graphic mobility as 6-O-8-D-galactopyranosyl-D-galactose was also isolated. Hydrolysis 
of this syrup gave only galactose. Since 6-O-«-p-galactopyranosyl-p-galactose is the 
major reversion product of the action of acid on galactose 1 the presence of 1,6’-linked 
galactose as a structural unit in the macromolecule of the gum exudate of A. zygta cannot 
be regarded as definitely established. 

Finally two samples of syrup which behaved chromatographically as single substances, 
and of which the N-benzylglycosylammonium ions had ionophoretic mobilities corre- 
sponding severally to those of a tetraose and a heptaose,® were separated. The former 
of these gave galactose and mannose in the ratio of 3:1 on hydrolysis; the latter on 
hydrolysis yielded mainly galactose with a small proportion of arabinose and on partial 
hydrolysis gave in addition spots on a paper chromatogram corresponding to 3-O- 
galactosylgalactose and 3-O-galactosylarabinose. 

Examination of the fast-moving material (X) by infrared analysis revealed the presence 
of ethoxyl corresponding to a mono-O-ethyl sugar. De-ethylation gave a product with 
the chromatographic colour and mobility of arabinose. It is difficult to explain the 
formation of an ethoxy-sugar under the present experimental conditions, but it was found 
that when propan-2-ol replaced the ethanol used in the earlier experiments the material 
(X) was absent and traces of a substance with a still higher Rg, value were present in the 
polysaccharide hydrolysates. Until further evidence is available, these substances of 
high chromatographic mobility cannot be regarded as constituents of the polyuronide 
and can only be considered as artefacts. 

The degraded polysaccharide material.(Y) was rehydrolysed and partly fractionated 
on a cellulose column. Neutral sugars were discarded and the acid fractions containing 
mono- and aldobi-uronic acids were re-separated on thick paper. Two pure aldobiuronic 
acids were finally isolated. Syrupy 4-O-«-(4-O-methyl-p-glucopyranonosyl)-D-galactose 
was characterised by its equivalent weight, rotation of the barium salt, and chromato- 
graphic and ionophoretic mobility. Confirmation of this structure was obtained by 
examination of the derived disaccharide glycoside and of the methylated aldobiuronic acid. 
Hydrolysis of the former gave equal quantities of 4-O-methylglucose and galactose (visual 
examination, paper chromatography). The reduction of periodate by this disaccharide 
glycoside was in agreement with a 1,4’-linkage. Chromatographic identification of 
2,3,4-tri-O-methylglucose and 2,3,6-tri-O-methylgalactose in the hydrolysate of the 
reduced methylated aldobiuronic acid confirmed that the linkage was indeed 1,4’. 

The second aldobiuronic acid proved to be 2-O0-8-p-glucopyranuronosyl-D-mannose. 


* Barker, Bourne, Grant, and Stacey, J., 1957, 2067. 
1” Turton, Bebbington, Dixon, and Pacsu, J. Amer. Chem. Soc., 1955, 77, 2565. 
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The chromatographic mobility and calculated rotation for the barium salt !* were 
identical with the values recorded by earlier workers for this acid. It had the correct 
equivalent and gave on hydrolysis glucurone and mannose. Oxidation of the ester 
glycoside by periodate was very slow and did not reach the theoretical figure of three 
moles per mole of ester glycoside. Reduction and hydrolysis of the derived disaccharide 
glycoside gave glucose and mannose. Final confirmation of the structure was obtained 
by identification of 2,3,4,6-tetra-O-methylglucose and 3,4,6-tri-O-methylmannose in the 
hydrolysate of the methylated disaccharide glycoside. 

The possibility of isolating different oligosaccharides after acetolysis of the gum was 
investigated, but extremely complex mixtures were obtained and complete separation 
of appreciable quantities of pure fractions was not achieved. 

Polysaccharides (A) and (B) reduced approximately the same amount of periodate, 
although over 50% of (B) remained undissolved after oxidation was virtually complete. 
The relatively low reduction of periodate (less than one mole for every two anhydro- 
units) by both polymers indicates that a considerable proportion of the monosaccharides 
does not contain adjacent free hydroxyl groups and that these units are either 1,3’-linked 
or triply linked in the polysaccharides. All the uronic acid units had been cleaved in both 
soluble oxo-polysaccharides, and the insoluble material from (B) still retained a small 
quantity of glucuronic acid. This may result from under-oxidation due to steric hindrance, 
and cannot be regarded as definite evidence that a proportion of glucuronic acid is 
differently linked. However, this difference in behaviour of (A) and (B) towards periodate 
is a further indication that, although these two fractions of the gum exudate appear to 
have the same basic constitution, they differ in the fine details of structure. 

The relative proportion of galactose in the oxo-polysaccharides compared with that 
of mannose and arabinose was higher than in the unoxidised materials. This could be 
explained if one assumes that the galactose comprises the back-bone of the molecule and 
is to a large extent linked 1,3’- or is triply linked, while a proportion of the arabinose and 
mannose units are involved in linkages which permit adjacent hydroxyl groups to be 
cleaved. 

These results, together with the large proportion of galactose, the isolation of 1,3’- 
and 1,6’-linked galactose disaccharides, and the separation of an oligosaccharide containing 
a number of contiguous galactose units from hydrolysates of the polysaccharide, provide 
evidence that the framework of the macromolecule is composed of 1,3’- and 1,6’-linked 
galactose residues (I), although, as already pointed out, in view of the possibility of acid 
reversion, the presence of the latter is by no means certain. The occurrence of 3-O-8-p- 
galactopyranosyl-L-arabinose (II) units suggests that galactose linked to the 3-position 
of arabinose is also a major structural unit in the molecule, but whether this is present in 
the main chain or only in side-chains cannot be decided from the available evidence. 
At the same time the large proportion of arabinose in the polyuronide and the ready 
release of arabinose units on autohydrolysis points to the presence of arabinose (III) side- 
chains. This structure is typical of other members of the Mimosacee which comprise 
mainly 1,3’-linked galactose units with 1,6’-linked galactose occurring to a much smaller 
extent. Whereas rhamnose is a major constituent in the Acacia gums, in the 
present gum only a small proportion of this sugar is present and it cannot have 
the structural significance it possesses in, for example, A. cyanophylla * and A. 
verek% 

In contrast, the presence of mannose and of two uronic acids in A. zygia is unusual 
in the Mimosacee family. While only some of the mannose units are cleaved by periodate 


11 Aspinall, Hirst, and Wickstrom, J., 1955, 1160. 

12 Jones, J., 1939, 558. 

18 Smith and Montgomery, “‘ Chemistry of Plant Gums and Mucilages,” Reinhold Publ. Corp., New 
York, 1959. 

144 Charlson, Nunn, aud Stephen, /J., 1955, 269. 

18 Smith, J., 1940, 1035; Dutton, Canad. J. Chem., 1956, 34, 406. 
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practically all the uronic acid units are oxidised and are probably present either as end 
groups or are 1,2’- or 1,4’-linked. The separation of 4-O-«-(4-O-methyl-p-glucopyran- 
uronosyl)-D-galactose (IV) and 2-0-8-p-glucopyranuronosyl-D-mannose (V) provides 
evidence for direct union of 4-O-methylglucuronic acid to C4) of galactose, and of glucuronic 
acid to Cis) of mannose in the macromolecule. At present, there is no indication whether 
these units are attached directly to the backbone or whether other residues are inter- 
posed. 

6-O-«-D-Galactosyl-D-mannose has been isolated from Guar gum,!* but although an 
oligosaccharide containing galactose and mannose was separated in the present experiment 
it was not completely characterised and the union of mannose to galactose can only be 
tentatively assumed. 

Albizzia zygia gum has a high uronic acid content, and is unique in that, with the 











B B B B B 
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Gal I——3 Aral.... (I) Ari... (il) 
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Gal = D-Galactose. GA = D-Glucuronic acid. Ara = L-Arabinose. 
4MeGA = 4-0-Methyl-D-glucuronic acid. Man = D-Mannose. 


possible exception of Citrus limona gum," it is the only polysaccharide to contain both 
p-glucuronic acid and its 4-O-methyl ether.* A few other gum exudates such as Khaya 
grandifolia * and K. senegalensis 8 contain two uronic acids, but in these species the acids 
are 4-O-methyl-p-glucuronic and pD-galacturonic acid. Glucuronic is the acid most 
commonly found in gums of the Mimosacee, although Prosopsis juliflora (mesquite gum) 
contains 4-O-methyl-p-glucuronic acid. This acid has been found also in gums isolated 
from a variety of botanical families. In addition to those already mentioned it has been 
isolated from, for example, Fagara xanthoxyloides * and Commphora myrrha™ gums. 

The aldobiuronic acid, 2-O-$-p-glucopyranuronosyl-D-mannose, separated from this 
gum has also been isolated from Prunus insitia and P. cerasus.24 4-O-a-(4-O-Methyl-p- 
glucopyranuronosy])-D-galactose, the other aldobiuronic acid obtained from A. zygia, has 
also been isolated from Prosopis juliflora,™* Citrus limona,” and Khaya grandifolia.® In 
the last and in the present gum the 4-O-methyl-p-glucuronic acid is probably present as 
end group. 

From these investigations it has emerged that, while the gum exudate of A. zygia 
resembles the gums of other members of the Mimosacee and has features in common with 
a variety of other gum exudates, it is also unique in that it differs in major respects from 
any single gum so far examined, both in its.neutral sugars and uronic acids, and in many 
structural features. 


EXPERIMENTAL 


The analytical methods used have been described by Hirst, Percival, and Williams.** In 
addition, solvents (8) ethyl acetate—acetic acid—water (9:2: 2) and (9) ethyl acetate—acetic 
acid—water (3: 1:3) were used. Rg, Rea, Roa, and Regione are the rates of travel relative to 
glucose, galactose, glucuronic acid, and glucurone. Acids were converted into the methyl 


* See also Gum Asafoetida, (Jones and Thomas, Canad. J. Chem., 1961, 39, 192). 


16 Whistler and Durson, J. Amer. Chem. Soc., 1951, 73, 4189. 

1” Connell, Hainsworth, Hirst, and Jones, J., 1950, 1696; Andrews and Jones, /J., 1954, 1724. 
18 Aspinall, Hirst, and Matheson, /J., 1956, 989. 

Smith, J., 1951, 2646. 

Hough, Jones, and Wadman, /., 1952, 796. 

Hirst and Jones, J., 1938, 1174; 1939, 558. 

Cunneen and Smith, /J., 1948, 1141. 
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ester methyl glycosides by refluxing them with 4% methanolic hydrogen chloride for 7 hr; 
the cooled solution, after neutralisation with solid silver carbonate, was filtered and concen- 
trated to a syrup. Reduction with borohydride was achieved by allowing a 2% solution of 
the sugar in water to stand with an equal weight of solid sodium borohydride for 12—18 hr.; 
the solution was then neutralised with acetic acid, deionised with resin, and concentrated 
to a syrup. 

Preliminary Examination of the Gum.—The gum, obtained as brown nodules, was con- 
taminated with a little bark and had an odour of acetic acid. Three separate nodules were 
powdered and analysed. They each had moisture 17; ash, 5-8; N, 0; S, 0; halogen, 0; 
OMe, ca. 1%. Chromatography of an acid hydrolysate of each nodule, after conversion into 
the free acid by treatment with IR-120(H) resin (solvents 1 and 3), revealed spots corresponding 
to galactose, mannose, arabinose, glucurone, and 4-O-methylglucuronic acid together with a 
trace of rhamnose. 

Purification and Fractionation of the Material.—The crude gum (10 g.), broken in small 
pieces, was dispersed by stirring it in cold water (500 c.c.) for 30 hr. Concentrated sodium 
hydroxide solution was added to give a N-solution and stirring was continued at room tem- 
perature under nitrogen for 20 hr. The residue was removed by centrifugation and the super- 
natant liquid cooled to 0° and acidified to pH 2 by addition of 17% w/v hydrochloric acid. 
Polysaccharide was precipitated from this solution by the addition of ethanol (4 vol.) during 
rapid stirring. The precipitated material was washed free from chloride with ethanol and 
dried to constant weight over phosphoric oxide at 60°/10 mm. The product (A) (5-8 g.) was 
a fine off-white powder. A further yield of polysaccharide (B) (1-6 g.) was obtained by stirring 
the residue in water (1500 c.c.) at 100° for 24 hr. After removal of insoluble material the 
polysaccharide was precipitated as for (A). 

An aqueous solution of polysaccharide (A) (1-3 g. in 300 ml.) at pH 2 gave successive precipi- 
tates (0-75 g., 0-500 g., and 0-020 g.) with 1-5, 1-75, and 2-0 volumes of ethanol. No precipitate 
was deposited at higher or lower concentrations of alcohol. Each precipitate was removed, 
washed with ethanol, dried, and weighed. Hydrolysates of each precipitate gave identical 
chromatograms. Addition of cetyltrimethylammonium bromide to solutions of poly- 
saccharide (A) at pH 4, 7, and 9 ** resulted in complete precipitation of the polysaccharide in 
each case. 

Properties of the Purified Polysaccharides.—Polysaccharide (A) had [a], +21° (c 0-49) [Found: 
equiv., 723 (by titration); uronic anhydride, 23-5 (by decarboxylation); ash, 0-25; AcO, 0; 
OEt, 1-2; OMe, 1-3% (by infrared absorption of the gases *4)]. The extraction procedure was 
repeated on a fresh sample of gum except that propan-2-ol was used to precipitate polyuronide 
material. (Found: OEt, 0; OPr', ca. 1%). 

Chromatographic analysis of an acid hydrolysate (C) (18 hr., 2N-H,SO, at 100°) of the 
ethanol-precipitated polysaccharide revealed the same monosaccharides as the hydrolysate 
of the crude gum, together with a faint spot of Rg 4:8 (solvent 9). A portion of the hydro- 
lysate, after neutralisation, was separated on 3MM paper into neutral sugars and barium 
uronates (solvent 1). The latter remained on the starting line and after elution they were 
converted into the free acids by shaking them with IR-120(H) resin. On concentration a 
syrup (10 mg.) was obtained. After conversion into the methyl ester methyl glycosides and 
reduction with sodium borohydride the product was hydrolysed with N-sulphuric acid. 
Neutralisation was followed by concentration, and the derived syrup on chromatographic 
examination in solvents (1) and (2) showed the presence of glucose and 4-O-methylglucose in 
addition to the neutral monosaccharides originally detected. The relative molar proportions 
of the neutral sugars in a second portion of the hydrolysate (C), determined by the methods of 
Hirst and Jones * and of Pridham,”* were galactose : mannose : arabinese (1 : 0-36: 0-86 and 
1 : 0-36 : 0-90, respectively). Hydrolysis under milder conditions (7 hr., N-H,SO, at 100°) gave 
a product in which the molar proportions of the respective sugars were 1: trace: 1-5.27_ In 
both hydrolysates the proportions of rhamnose were too small to be estimated accurately. 
The molar proportion of glucurone to 4-O-methylglucuronic acid in hydrolysate (C) was found 


23 Scott, Chem. and Ind., 1955, 168; Barker, Stacey, and Zweifel, ibid., 1957, 330. 
24 Anderson and Duncan, Talania, 1961, 8, 1. 

25 Hirst and Jones, /J., 1949, 1659. 

26 Pridham, Analyt. Chem., 1956, 28, 1967. 

#7 Wilson, Analyt. Chem., 1959, 21, 1977. 
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to be 1-8 : 1 when determined by application of Wilson’s method 2’ to uronic acids. Absorbances 
were measured at 390 my and the weights of acids found from calibration graphs. From these 
results it may be calculated that polysaccharide (A) comprises D-galactose : D-mannose: L- 
arabinose: L-rhamnose: D-glucuronic acid : 4-O-methyl-p-glucuronic acid in approximately 
the molar ratios of 4: 1-5: 6: trace: 2: 1 respectively. 

Polysaccharide (B), an off-white powder, had [a],, +38-7° (c 0-32 in 0-ln-NaOH) [Found: 
ash, 0-22; AcO, 0; uronic anhydride 32-6% (by decarboxylation)]. .The molar proportions 
of monosaccharides in a hydrolysate (2N-H,SO,, 18 hr., 100°) were found to be 
galactose : mannose : arabinose = 1 : 0-33: 0-4, and the proportion of glucurone : 4-O-methyl- 
glucuronic acid 1-9: 1.24 A milder hydrolysis (N-H,SO,, 7 hr., 100°) gave galactose : man- 
nose : arabinose = 1: trace: 0-5. 

Autohydrolysis of Polysaccharide (A).—A 1% aqueous solution of polysaccharide (A) (1-5 g.), 
(a],, +21°, was heated at 95° for 26hr. The hydrolysis was followed by measuring the rotation, 
iodine number,*® and chromatography (solvent 2) of aliquot parts withdrawn at 
intervals: 


lime (hr.) ap I no. Sugars released 
2 +0-08° 2-0 Arabinose 
4 0-11 4:3 
6 0-12 6-4 
8 0-13 9-2 ie 
14 0-14 13-8 Arabinose, rhamnose 
24 0-18 21-0 a * 
26 0-19 21-5 


” 


The residual polysaccharide was precipitated by addition of ethanol and had [a], +45-8° 
(c 2-8). 

Partial Acid Hydrolysis and Characterisation of the Neutral Sugars and Acids in Polysaccharide 
(A).—Polysaccharide (A) (4 g.) was heated at 100° for 7 hr. with N-sulphuric acid (500 c.c.). 
After working up in the usual way the molar ratio 2” galactose : arabinose in a portion of the 
derived syrup was 1:1-4. The residual hydrolysate (3-5 g.) was separated into its constituent 
sugars on a cellulose column (760 x 37 cm.), and eluted with butan-l-ol two-thirds saturated 
with water. 2g) values are recorded for solvent 2. 

Fraction 1. Syrupy t-rhamnose (79 mg.) had [aj,, +8-6° (c 1-2), Rg, 2-0. The derived 
benzoylhydrazone *®® had m. p. and mixed m. p. 188°. 

Fraction 2. Crystalline L-arabinose (480 mg.), Rg; 1-18, had [aJ,, + 105° (c 2-0), m. p. and 
mixed m. p. 159° after recrystallisation from methanol. The derived benzoylhydrazone *° 
had m. p. and mixed m. p. 203°. 

Fraction 3. A syrupy mixture of arabinose and mannose (515 mg.). Syrupy mannose 
(36 mg.) was separated on Whatman 3MM paper from a portion (135 mg.) of this syrup by 
elution with solvent 9. The mannose had Rg; 1-16, [a], +14° (c 1-23; const.), and the derived 
phenylhydrazone *! had m. p. and mixed m. p. 188°. 

Fraction 4. A syrup (60 mg.) containing arabinose, mannose, and galactose. 

Fraction 5. Crystalline p-galactose (763 mg.) after recrystallisation from butan-l-ol had 
m. p. and mixed m. p. 164°, [a], +142°—» +80° (const.) (c 2-3). The derived diethyl 
mercaptal *? had m. p. and mixed m. p. 141°. 

Fraction 6. Water washings which yielded solid barium uronates on evaporation. Treat- 
ment with IR-120(H) resin, filtration, and evaporation yielded the free acids as a brown syrup 
(1-26 g.). Separation of these acids on a Grycksbo filter-paper column eluted with solvent 9 
gave the following fractions: 

Fraction IA. Crystalline p-glucurone (68 mg.), Rg, 3-0, after recrystallisation from water 
had m. p. and mixed m. p. 177°, [a],, +18-8° (c 1-2, const.). The derived p-nitroanilide after 
recrystallisation from cold methanol had m. p. and mixed m. p. 130—131.* 

Fraction IIA. A syrupy mixture of p-glucurone and 4-O-methyl-p-glucuronic acid (42 mg.), 


28 Ingles and Israel, J., 1948, 810. 

29 Hirst, Hough, and Jones, /., 1949, 3145. 

3° Hirst, Jones, and Wood, /., 1947, 1048. 

81 O’Donnell and Percival, J., 1949, 2168. 

32 Wolfrom, J. Amer. Chem. Soc., 1930, 52, 2466. 

38 Hamilton, Spriestersbach, and Smith, ]. Amer. Chem. Soc., 1957, 79, 443. 
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which was separated on 3MM paper (solvent 9) into p-glucurone (10 mg.) and a syrup (27 mg.), 
chromatographically identical with 4-O-methylglucuronic acid and having [a],, +42-2° (c 1-8) 
(Found: OMe, 14-0. Calc. for a mono-O-methylhexuronic acid: OMe, 14-9%). 

Fraction IIIA. A _ syrup (225 mg.) containing arabinose, mannose, glucurone, 
and 4-O-methylglucuronic acid (paper chromatography). This was not examined 
further. 

Fraction IVA. A syrup (D) (840 mg.), obtained on concentration of the water washings, 
showed no chromatographic movement in basic or acidic solvents on paper chromatograms 
developed for 24 hr. A portion of this syrup (540 mg.) was hydrolysed with 90% 
formic acid (25 c.c.) at 100° for 24 hr. Removal of formic acid by repeated distillation 
with methanol yielded a dark brown syrup which was hydrolysed with N-sulphuric 
acid for 2 hr. at 100°. Chromatographic examination of the derived syrup (123 mg.) 
revealed all the sugars present in the original polyuronide, the arabinose being reduced to a 
trace. 

The remainder of syrup (D) (300 mg.) was converted into the methyl ester methyl glycosides 
and reduced with potassium borohydride. The neutralised product was hydrolysed with 
n-sulphuric acid at 100° for 5 hr. After working up in the usual way chromatography of the 
derived syrup (140 mg.) indicated the presence of glucose, 4-O-methylglucose, arabinose, 
mannose, and galactose (solvents 2, 4, and 9). From this syrup, by separation on 3MM paper, 
crystalline D-glucose (24 mg.), m. p. and mixed m. p. 146°, and 4-O-methyl-p-glucose (18 mg.) 
were obtained. The 4-O-methyl-p-glucose had [e],, +50-1° (c 1-36),84 was chromatographically 
identical with an authentic sample in solvents (1, 2, 4, and 9), and gave a single spot on iono- 
phoresis with Mg 0-24, identical with that of an authentic sample. Chromatography of a 
periodate-oxidised sample showed an orange-brown spot, Ry 0-53 (solvent 3), identical with a 
spot derived by similar treatment of authentic 4-O-methylglucose (aniline oxalate 
spray). 

Periodate Oxidation of Polysaccharides (A) and (B).—Polysaccharides (A) (78 mg.) and (B) 
(218 mg.) were oxidised with 0-015m-sodium metaperiodate (50 c.c. and 150 c.c., respectively). 
Oxidation was allowed to proceed in the dark at 2° with frequent shaking. At suitable intervals 
aliquot parts (0-2 c.c.) were withdrawn and the amount of periodate in the solution was 
measured.*5 


Time (hr.) 3 5 18 28 48 70 
NalO, (mole oor ged ae mmee (A) ... 0-26 0-30 0-44 0-45 0-48 0-50 
anhydro-C, unit) » (B)... 0-40 0-43 0-49 0-51 0-53 0-57 


After 18 hr. the primary oxidation had reached completion and corresponded to 0-44 and 
0-49 mole per'anhydro-C, unit. The oxidation was stopped after 70 hr. by addition of an 
excess of ethylene glycol. A portion of polysaccharide (B) which remained undissolved was 
removed and dried (120 mg.). After dialysis of the oxidation solutions for 4 days the soluble 
oxo-polysaccharides {60 mg. from (A), {«],, +3-7°; and 20 mg. from (B), [aJ,, + 21°} were isolated 
by freeze-drying. Each of the oxopolysaccharides was hydrolysed with sulphuric acid and 
the relative molar proportion of the sugars determined: 


Galactose | Mannose Arabinose Glucurone 
Oxopolysaccharide GI. stinirescitcniapteni 1 0-19 0-41 Nil 
Soluble oxo-polysaccharide (B) ............... 1 0-24 0-58 Nil 
Insoluble oxo-polysaccharide (B) ............... 1 0-21 0-33 0:06 


Partial Acid Hydrolysis; Separation and Characterisation of Oligosaccharides.—A 0-7%, 
aqueous solution of polysaccharide (A) (25 g.) was heated for 5 hr. at 95° and the residual 
polysaccharide, [a],, + 44°, was hydrolysed with 0-5n-sulphuric acid (300 ml.) at 95° for 15 hr. 
After neutralisation, partially degraded barium uronates {10 g.; [a], +56° (c 2-0)} were 
precipitated by addition of ethanol (6 vol.). The supernatant solution was concentrated to 
100 c.c. and a further yield of barium uronates {2-6 g., [«],, +61° (c 1-8)} was precipitated with 
ethanol (10 vol.). Evaporation of the supernatant solution yielded a syrup (8-8 g.). This 
was separated into neutral sugars, disaccharides, and higher oligosaccharides on a charcoal— 
Celite column (6 x 35 cm.). The neutral sugars (fraction 1; 5-6 g.) were eluted with water 


34 Munro and Percival, J., 1935, 873. 
35 Aspinall and Ferrier, Chem. and Ind., 1957, 1216. 
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(6 1.) and discarded, the disaccharides contaminated with small quantities of monosaccharides 
(fraction 2, (a2) 520 mg. and (b) 500 mg.] were eluted with 5, 10, and 12-5% ethanol (4 1.), and 
the higher saccharides (fraction 3, 980 mg.) with 15 and 17% ethanol (7 1.). From fractions 
(2a) and (2b) the following disaccharides were separated on Whatman No. 17 paper by elution 
with solvent (1) for 4 and 5 days, respectively. Overlap fractions were discarded and similar 
disaccharides from the two fractions were combined. Syrupy 3-O-$-p-galactopyranosyl-t- 
arabinose (26 mg.) was isolated. This partially crystallised after dissolution in aqueous 
ethanol and storage at 0° for several days. The crystals had m. p. and mixed m. p. 200—201°. 
The syrup had [a],, + 60° (c 1-85),°* Rg, 0-62 and 0-46 in solvents (2) and (9), respectively, and 
Mg 0-68, identical with an authentic sample run asacontrol. It (3 mg.) gave on acid hydrolysis 
(N-H,SO,, 5 hr., 100°) equal amounts of galactose and arabinose (paper chromatography, 
visual estimation). Reduction of a sample (6 mg.) with sodium borohydride followed by 
hydrolysis gave galactose only (paper chromatography). 

6-O-6-p-Galactopyranosyl-p-galactopyranose (8 mg.) was isolated only as a syrup, [a], + 26° 
(c 0-67) ,°? Raq 0-22 in solvent (2) and 0-19 in solvent (9) identical with 6-O-8-p-galactopyranosyl- 
D-galactopyranose run as control. Chromatography of an acid hydrolysate gave a single spot 
with the mobility of galactose. 

3-O-8-p-Galactopyranosyl-D-galactopyranose (51 mg.) was isolated as a syrup from which 
needles, m. p. and mixed m. p. 150—151°, were obtained on treatment with aqueous ethanol. 
The syrup had [a],, + 58° (c 3-0),°* Rgaq 0-35 (solvent 2), and gave a spot with the same mobility 
as 3-O-8-p-galactopyranosyl-D-galactopyranose in solvents (2) and (9). Ionophoresis as the 
N-benzylglycosylammonium ion in formic acid buffer gave a spot with mobility of 0-72.2 The 
syrup on acid hydrolysis gave only galactose. A portion (10 mg.) was converted into the 
methyl galactoside and oxidised with sodium metaperiodate in the dark at 2°. Oxidation was 
complete after 5 hr. and corresponded to the reduction of 1-80 moles of periodate for every 
disaccharide mole. Methyl laminaribioside reduced 1-95 moles of periodate per mole during 
the same period in a parallel experiment. 

Attempted separation, on thick paper, of pure higher oligosaccharides from fraction 3 was 
unsuccessful except for a small quantity of a syrupy tetrasaccharide and possibly a hepta- 
saccharide. The former of these (31 mg.) had [a], +71-8° (c 2-8), Rgq 0-09 in solvent (2), and 
gave on hydrolysis galactose: mannose in the ratio of 3:1 (paper chromatography, visual 
examination). lonophoresis as the N-benzylglycosylammonium ion in formic acid buffer ® 
gave a mobility of 0-5. The higher oligosaccharide (35 mg.) had [a], +34° (c 3-2) and gave on 
hydrolysis galactose and arabinose (8: 1, visual examination of a paper chromatogram). The 
mobility of its N-benzylglycosylammonium ion was 0-3. Chromatography of a partial acid 
hydrolysate in solvent (2) revealed spots with Rg, 1-5, 1-0, 0-62, and 0-35. 

In addition to the above disaccharides a pure syrup (X) (43 mg.) was separated from 
fraction (2a). It had [a], +104° (c 4-0), Rga 3-5, Rei, 2°55 in solvent (2) (cf. rhamnose, Rga 
2-5), and Rg, 4-8 in solvent (9), Mg 0-30 [Found: OEt, 23-2 (by infrared absorption measure- 
ment of gases **). Calc. for a mono-O-ethylarabinose: OEt, 25-5%]. Chromatography of 
a portion after de-ethylation ** gave a single spot identical with arabinose run as a control. 
When ethanol was replaced by propan-2-ol substance (X) was absent from the hydrolysates 
but traces of material which gave a yellow spot, Rg, 4:2 (solvent 2), were present [Found: 
alkoxyl, nil (infrared measurement)]. 

The combined barium uronates (12 g.) were re-hydrolysed with 0-5n-sulphuric acid (300 c.c.) 
at 100° for 4 hr. After neutralisation the derived syrup (11 g.) consisting of neutral sugars 
and barium uronates was separated on a cellulose column. The neutral sugars (rhamnose, 
mannose, and galactose) (3-1 g.) were eluted with butan-l-ol half saturated with water and 
discarded. The barium uronates were then eluted with butan-l-ol—acetic acid—water (2:1: 1). 
Similar fractions were combined, evaporated several times with water to remove acetic acid, 
treated with IR-120(H) resin, and weighed. The first two fractions, (D) (700 mg.) and (E) 
(1-95 g.), contained glucurone, 4-O-methylglucuronic acid, and two aldobiuronic acids. The 
next fraction (F) (1-7 g.) contained higher oligouronic acids. Fraction (G) (1-14 g.) was 
partially degraded polyuronide. The first two fractions (D and E) were separated into their 
constituents on Whatman No. 17 paper by elution with solvent (8) for 36 and 72 hr., respectively. 

36 Aspinall, Auret, and Hirst, J., 1958, 4408. 


37 Lindgren, Acta Chem. Scand., 1957, 1365. 
38 Allen, Bonner, Bourne, and Saville, Chem. and Ind., 1958, 36, 630. 
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The chromatograms were freed from acetic acid by drying in air for 36 hr. and the different 
acids detected by spraying with Bromocresol Green. The appropriate strips were eluted with 
cold water, and the contaminating spray removed by treatment with charcoal. The two aldobi- 
uronic acids were characterised as follows: Syrupy 4-O-a-(4-O-methyl-p-glucopyranuronosy])- 
p-galactose (295 mg.) had [a],, +102-8° (c 2-17), Rgai 0-70 (solvent 4), Mg 0-67. The barium 
salt had [a], +97° (c 1-7) ** (Found: Equiv., 360. Calc. for a monomethylglucuronosyl- 
galactose : Equiv., 370). A sample (107 mg.) was converted into the methyl ester methyl 
glycoside and the latter reduced with sodium borohydride: the derived syrup gave on hydrolysis 
equal amounts of galactose and 4-O-methylglucose (paper chromatography). The methyl 
ester methyl glycoside reduced 1-8 moles of sodium periodate per mole of glycoside. An 
aqueous solution of the methyl ester methyl glycoside (92 mg. in 30 c.c.) at 5° was treated 
dropwise with 30% sodium hydroxide solution (15 c.c.) and dimethyl sulphate (6 c.c.) with 
stirring during 4 hr.; the mixture was then stirred at room temperature for 24 hr.; this 
methylation was repeated twice; the final solution was heated for 30 min., acidified with 
sulphuric acid, and sodium sulphate was precipitated by addition of methanol; the filtrate 
was made slightly alkaline, concentrated to ca. 50 c.c., acidified with sulphuric acid, and 
extracted with chloroform (5 x 50 c.c.); the resulting methylated ester glycoside obtained on 
evaporation of the combined chloroform extracts was dissolved in dry tetrahydrofuran (5 c.c.) 
and reduced with lithium aluminium hydride (5 g.); after 1 hour’s refluxing, the excess of 
hydride was destroyed by water (0-1 c.c.), and the solution was diluted with ethyl acetate, 
filtered, and concentrated; the methylated disaccharide glycoside was extracted from the 
residue with acetone (2 x 20c.c.) and after removal of the acetone was hydrolysed with n-hydro- 
chloric acid (1 c.c.) at 100° for 4 hr.; after neutralisation, chromatographic analysis of the 
derived syrup in solvent (3) showed two spots, Rg 0-87 and 0-74, corresponding to 2,3,4-tri-O- 
methylglucose and 2,3,6-tri-O-methylgalactose respectively run as controls (cf. 2,4,6-tri-O- 
methylgalactose Rg 0-67, and 2,3,4-tri-O-methylgalactose Rg 0-64). 
2-O-8-p-Glucopyranuronosylmannose (90 mg.) obtained pure after three separations on 
Whatman No. 17 paper had [a], —32° (c 0-83) (Calc. as the barium salt, [a], —18°}*), Rga 
0-46, Regione 0-23 in solvent (4) 14 (Found: equiv. by titration, 365. Calc. for glucuronosyl- 
mannose: equiv., 355). Chromatography (solvent 4) of a hydrolysate (2N-H,SO,, 5 hr., 100°) 
showed spots corresponding to mannose, glucurone, and a faint spot for glucuronic acid. <A 
sample (6 mg.), after conversion into the methyl ester methyl glycoside and reduction with 
borohydride, gave glucose and mannose on hydrolysis (paper chromatography). The methyl 
ester methyl glycoside reduced 2-4 moles (30 hr.) and 3-0 moles (70 hr.) of 0-015M-sodium meta- 
periodate at 2°in the dark. The methyl ester methyl glycoside (35 mg.) was reduced by sodium 
borohydride, and the product was methylated in the same way as the previous aldobiuronic 
ester. After extraction with chloroform the methylated disaccharide was hydrolysed and the 
resulting syrup examined chromatographically. Two spots, Rg.1-:0 and 0-77 (solvent 3), 
identical with those from 2,3,4,6-tetra-O-methylglucose and 3,4,6-tri-O-methylmannose, 
respectively, were obtained (cf. 2,3,6-tri-O-methylmannose Rg 0-81). 
Attempts to isolate pure products from the higher fractions proved unsuccessful. 
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765. The Polysaccharides of Baker's Yeast. Part VA Further 
Study of the Mannan. 


By STANLEY Peat, J. R. Turvey, and D. DoyLe. 


The mannan, extracted from baker’s yeast by autoclaving the cells in a 
neutral buffer, has been methylated, and the trimethylmannan completely 
hydrolysed with acid. The resulting mixture has been separated into 
2,3,4,6-tetra-, 3,4-di-, 3,4,6-tri-, 2,4,6-tri-, and 2,3,4-tri-O-methyl-p-mannose, 
in the molar proportions 15:14: 7:7: 1. 

Because partial acid hydrolysis of the mannan gives, predominantly, a 
series of «-1,6-linked oligosaccharides,! alternative fragmentation by aceto- 
lysis has been studied. This gave pure 2- and 6-O-«-D-mannopyranosyl pD- 
mannose, and no trace of a 1,3-link was found by this method. 

A unique structure cannot be ascribed to yeast mannan on the basis of 
these observations. From even the simplest picture of the repeating unit 
it is clear that the mannan is highly branched. 


THE structure of the mannan isolated from baker’s yeast by extraction with alkali was 
investigated by Haworth, Hirst, and Isherwood ? and subsequently by Haworth, Heath, 
and Peat,’ using the method of methylation analysis. The difference in results in these 
two papers lay in the proportions of 2,3,4-tri-O-methylmannose shown to be present. 
The main evidence for its presence given in the first paper was that its oxidation with 
nitric acid yielded what was believed to be 2,3,4-tri-O-methylmannosaccharic acid, char- 
acterised as the crystalline amide. No other trimethylmannose was identified. This 
tri-O-methylmannosaccharamide was, however, later synthesised by a route which left 
no doubt as to its constitution * and shown not to be identical with that from the mannan. 
The trimethyl fraction prepared as before from methylated yeast mannan was therefore 
re-examined.’ The result, supported by indisputable evidence, was unexpected. The 
principal components of the trimethyl fraction were 3,4,6- and 2,4,6-tri-O-methylmannose. 
There was indeed evidence that 2,3,4-tri-O-methylmannose was also present but it was 
at that time difficult to isolate and it was estimated to constitute not more than 10% and 
not less than 1% of the “ trimethyl” fraction. The view that 1,6-links did not pre- 
ponderate in the mannan derived support from the composition of tritylated mannan 
which showed that 67% of the mannose residues carried a trityl group. This is inter- 
preted as meaning that in the original mannan at least two-thirds of the primary alcohol 
groups are not involved in the formation of 1,6-links.® 

In 1955, Cifonelli and Smith * repeated the methylation analysis of alkali-extracted 
mannan and confirmed in every particular the results of Haworth, Heath, and Peat. In 
each case there were obtained 2,3,4,6-tetra-, 2,4,6-tri-, 3,4,6-tri, and 3,4-di-O-methyl-p- 
mannose in the molar proportions of 2: 1:12 respectively, and, further, Cifonelli and 
Smith could detect no more than traces of 2,3,4-tri-O-methylmannose. 

A different approach was made by Peat, Whelan, and Edwards,! namely, partial acid 
hydrolysis. In this case the extraction of the mannan from yeast by alkali was replaced 
by the milder method of autoclaving at 140° with a neutral buffer. The mannan so 
obtained was hydrolysed to 67° apparent conversion into mannose and a homologous 
series of oligosaccharides were isolated as the only recognisable hydrolytic products. The 
significant fact, in relationship to the earlier work, is that only 1,6-linkages were present 
in the homologous series. The disaccharide member of the series was proved to be identical 

1 Part IV, Peat, Whelan, and Edwards, /J., 1961, 29. 

2? Haworth, Hirst, and Isherwood, /J., 1937, 784. 

3 Haworth, Heath, and Peat, J., 1941, 833. 

* Haworth, Hirst, Isherwood, and J. K. N. Jones, J., 1939, 1878. 


> Lindstedt, Arkiv Kemi, Min., Geol., 1945, A, 20, No. 13. 
6 Cifonelli and Smith, J]. Amer. Chem. Soc., 1955, 77, 5682. 
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with 6-O-a-D-mannopyranosyl-D-mannose, synthesised for the purpose. In addition 
these authors! provide evidence supporting the view that the 1,6-link has the «-con- 
figuration, contrary to earlier opinion. 

The striking features of this work! are the absence from the hydrolysate of 1,2- or 
1,3-linked oligosaccharides and the presence of a uniform series of 1,6-linked oligo- 
saccharides in the hydrolysate: however, when the hydrolysis of mannan was carried to 
a much lower degree of apparent conversion (29%), a second disaccharide, probably the 
a-1,2-disaccharide, was isolated in very small amount.! The experiments described in the 
present paper were designed to correlate the results of linkage analysis by methylation and 
by partial acid hydrolysis. 

The mannan was extracted from baker’s yeast by autoclaving the cells in a neutral 
buffer as previously described.1. Methylation (to OMe, 43-7%) and complete hydrolysis 
gave a mixture of methylated mannoses which was fractionated on charcoal. Pure 
samples of (a) 2,3,4,6-tetra- and (b) 3,4-di-O-methyl-p-mannose were obtained. The 
intermediate fractions were mixtures which were subfractionated by paper chromato- 
graphy and electrophoresis. In this way (c) 3,4,6-tri-O-methyl-D-mannose was obtained. 
There were indications of the presence of two other trimethylmannoses which could not 
be separated by these methods but were almost completely separable by the use of “‘ Ultra- 
sorb” (a highly active charcoal) and identified as (d) 2,4,6- and (e) 2,3,4-tri-O-methyl-p- 
mannose. The molar ratios of the products were (a) 15, (b) 14, (c) 7, (d) 7, (e) 1. The 
significant feature of this analysis is the proof of the presence of 2,3,4-tri-O-methylmannose 
in a proportion which suggests that one mannose residue in 44—45 is linked through posi- 
tions 1 and 6 exclusively. 

Since partial acid hydrolysis of yeast mannan gave, predominantly, a series of «-1,6- 
linked oligosaccharides,! alternative fragmentation by acetolysis was investigated. This 
method was applied to yeast mannan by J. K. N. Jones and Nicolson’ who detected 
two disaccharides in the acetolysate. We found that, after acetolysis, deacetylation and 
chromatography on thick paper effected separation into five zones (A—E). The first 
zone was mannose; zone B a mixture of disaccharides; and zone C a mixture of tri- 
saccharides. Zones D and E contained higher oligosaccharides. 

Zone B contained two disaccharides which were partially separated on ‘“‘ Ultrasorb ”’ 
into two pure specimens, Bl and B2. Each was identified as a disaccharide by electro- 
phoresis in the presence of hydrogen sulphite ions (cf. Frahn and Mills *), and the con- 
stitution of each was established by periodate oxidation, before and after reduction with 
sodium borohydride (cf. Hough e¢ al.*). Thus, sugar Bl showed Rg and Mg values identical 
with those of 2-O-«-p-mannopyranosyl-D-mannose, and [aJ,/® -+-48-0° (earlier values, 
+-48-6°,1 +40-0° °). When oxidised with periodate, it yielded, at pH 8 (condition for 
overoxidation), 1-8 mol. of formaldehyde; and the corresponding alcohol, formed by re- 
duction, gave 0-96 mol. of formaldehyde at pH 8 and 1-01 mol. at pH 3-6. These values 
are close to those expected of a 1,2-linked disaccharide.® Similarly, sugar B2 had {aj,8 
+-62-3° and Ry and Mg values identical with those of 6-O-«-D-mannopyranosyl-D-mannose. 
On oxidation, it gave only a trace of formaldehyde at pH 8 but its derived alcohol gave 
0-94 mol. at pH 8 and 0-91 at pH 3-6. These results for B2 agree with those for a 1,6-linked 
disaccharide.® 

The trisaccharide mixture (C) gave, on partial hydrolysis, the disaccharides Bl and 
B2, as did also the higher oligosaccharides in zones D and E. No trace of a 1,3-linkage 
was found in any of the fractions and, further, variations in the conditions of acetolysis 
made no difference to these results. 

We have seen from the methylation analysis that 1,2-links (other than those involved 

7 J. K. N, Jones and Nicholson, J., 1958, 27. 

® Frahn and Mills, Chem. and Ind., 1956, 1137. 


® Hough, Woods, and Perry, Chem. and Ind., 1957, 1100. 
10 Gorin and Perlin, Canad. ]. Chem., 1956, 34, 1796. 
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in the branching) and 1,3-links are roughly equal in number so that the absence of 1,3- 
linkages from the acetolysate and of both 1,2- and 1,3-links from the partial acid hydro- 
lysate } may be ascribed to relative stabilities of the linkages towards acid, in the order: 
1,6 > 1,2 > 1,3. The question whether the oligosaccharides found in the acid hydrolysate 
of mannan could be artefacts formed by reversion synthesis from mannose has been 
examined in Part IV! and by J. K. N. Jones and Nicholson.” We also treated mannose 
with the acetolysing mixture but no reversion synthesis could be detected. 

The information accumulated in this and the earlier papers does not lead to the postul- 
ation of a unique structure for yeast mannan. It is clear, however, that the molecule is 
very highly branched. Discrepancies between analysis by methylation and by partial 
acid hydrolysis are not due to heterogeneity of the mannan, since Northcote showed 
by an electrophoretic method that alkali-extracted yeast mannan moved in the Tiselius 
apparatus as a single molecular species. 

To arrive at a partial picture of the structure of mannan it will therefore be necessary 
to make certain assumptions, the most important of which is that the “ core ” or “ nucleus ” 
consists of a chain of mannose units formed by «-1,6-links. Each of these units carries 
a branch point and this branch linkage engages solely C,,) of each of the units of the main 
chain. Again, since the proportions of «-1,2- and «-1,3-links (excluding the branch points 
on the main chain) are the same, and equal to half the proportion of branch chain end- 
groups, the following picture emerges of the simplest repeating unit in yeast mannan: 
(a-mannopyranosy] residue represented by 0). 
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The origin of the 2,3,4-tri-O-methylmannose (one mole in 45) in the hydrolysate of 
methylated mannan remains obscure. It could be derived from an occasional mannose 
unit in the basic (1,6-linked) chain, which does not carry a side-chain. An alternative 
view would be that it constitutes the reducing end group of this basic chain, and this would 
give a more regular pattern for the structure. There is at present no experimental evidence 
to support either view. 

It is of interest that two mannans from other sources appear closely to resemble yeast 
mannan in structure, if indeed they are not identical. These are (i) the main slime poly- 
saccharide produced by Saccharomyces rouxii during the fermentation of glucose to arabitol 
(Gorin and Perlin #) and (ii) that produced during fermentation of glucose, sucrose, or 
lactose by Bacillus polymyxa (Ball and Adam }%). 


EXPERIMENTAL 

General Methods.—The concentrations of all oligo- and poly-saccharide solutions were 
determined by acid hydrolysis to mannose as described in Part IV.1_. The methods of paper 
electrophoresis in borate buffer and of chromatography on charcoal—Celite columns have also 
been described,!* but for the latter, either B.D.H. ‘‘ activated charcoal”’ or ‘‘ Ultrasorb ”’ 
SC 120/240 (British Carbo-Norit Union) was used as adsorbent. For paper chromatography, 
the solvent systems butan-1l-ol—-ethanol—water (5: 1: 4 by vol.), ethyl methyl ketone saturated 

11 Northcote, Biochem. J., 1954, 58, 353. 


12 Ball and Adams, Canad. J]. Chem., 1959, 37, 1012. 
13 Peat, Whelan, and Roberts, /., 1957, 3916. 
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with water, and ethyl acetate—acetic acid—water (3: 1:3, by vol.) were used in addition to 
those already described.4* Reducing-sugar zones were detected with either p-anisidine hydro- 
chloride #* or benzidine-trichloroacetic acid,4* and non-reducing sugars with silver nitrate— 
sodium hydroxide.’® Formaldehyde, liberated on periodate oxidation, was determined with 
chromotropic acid.’ 

Isolation of Yeast Mannan.—The mannan was isolated from baker’s yeast (10 Ib.) and 
purified as previously described ! (yield 45 g.). It had {a],!* +87° and contained 94-4% as 
carbohydrate, as determined by complete hydrolysis to mannose. Examination of a complete 
hydrolysate by paper chromatography indicated that mannose was the only sugar present. 
The mannan acetate, prepared by Bell and Northcote’s method," had [a],1* +59-7° in CHCI,. 

Methylation of Mannan.—The mannan (10 g.) was partly methylated by the Haworth 
procedure and then by the Kuhn modification !* of Purdie’s method. The methylated mannan 
(yield 9-2 g.; OMe, 43-7%) was dissolved in chloroform (100 ml.) and fractionated by addition 
of light petroleum (b. p. 60—80°) into four fractions. These fractions ranged in [aj,)* from 
+ 87-5° to + 88° and methoxyl content from 43-7 to 44%. They were bulked for further study. 

The methylated mannan (3-57 g.) was hydrolysed by the method of Haworth et al. and the 
fragments were chromatographed on a charcoal (B.D.H. ‘‘ activated ’’)—Celite column (85 x 5 
cm.) with a gradient of 0—25% ethanol spread over 15 1. Fractions (200 ml. each) were 
collected and examined by paper chromatography of small portions. On the basis of this 
the fractions were bulked into groups and evaporated to dryness to give the following: (i) a 
chromatographically pure di-O-methylmannose (0-77 g.); (ii) a mixture of di- and tri-O-methy]l- 
mannoses (0-37 g.); (iii) mixed tri-O-methylmannoses (0-71 g.); (iv) a mixture of tri- and 
tetra-O-methylmannoses (0-39 g.); (v) chromatographically pure tetra-O-methylmannose 
(0-74 g.); weight recovered, 3-0 g. Fractions (ii) and (iv) were further separated by chromato- 
graphy on thick filter paper in the butan-l-ol-ethanol—water solvent, and the components 
added to the respective di-, tri-, or tetra~-O-methylmannose fractions. The combined tri-O- 
methylmannose fractions were further separated by electrophoresis in borate buffer (0-2m; 
pH 10) into an electrophoretically mobile (Tl) and non-mobile (T2) fraction. Fraction Tl 
behaved as a single component on paper chromatography and electrophoresis, but fraction 
T2 contained more than one component. Fraction T2 (0-54 g.) was therefore chromatographed 
on a column (80 x 2-2 cm.) of charcoal (“‘ Ultrasorb ’’)—Celite with gradient elution from 0-6 to 
2-5% aqueous ethyl methyl ketone (8 1.). Fractions (40 ml. each) were examined with the 
phenol-sulphuric acid reagent 7° and grouped as follows: eluents no. 122—160 gave a single 
component (fraction T3, 0-392 g.); eluents no. 171—190 gave a single component (fraction T4, 
0-063 g.); eluents no. 161—170 gave a mixture of the above two components (0-029 g.). 

Identification of Methylmannoses.—Di-O-methylmannose. This had Ry and Mg values 
identical with those of 3,4-di-O-methyl-p-mannose. When crystallised from acetone-ether, it 
had [a|,,** +3-2° (equilibrium, c. 1-4 in water), m. p. 112-5° (not depressed on admixture with an 
authentic specimen), and OMe 26-9% (total isolated, 0-956 g.). 

Tvi-O-methylmannoses. (i) Fraction Tl (0-43 g.). This fraction had Ry 0-81 in butan-1l-ol- 
ethanol—water and Mg 0-38 in 0-2m-borate buffer (pH 10). It did not crystallise initially 
but did so on being kept for several months in a desiccator. The crystals had m. p. 101°, 
(a],,*? +9-8° (equilibrium, c. 0-7 in water) and OMe 40-6%, in good agreement with values 
reported for 3,4,6-tri-O-methyl-p-mannose. The anilide derivative had m. p. 141°. On 
oxidation with 0-3M-sodium metaperiodate (3 mol.), the sugar consumed 21+5 0-92 mol. (22-5 hr.), 
0-93 mol. (48 hr.) of oxidant (theor., 1 mol.). 

(ii) Fraction T3 (0-39 g.).. This did not crystallise but the syrup had Ry» 0-85 in butan-1-ol- 
ethanol—water, [a],!* +15-2° (c 0-6 in water), and OMe, 38-0%. The crystalline anilide had 
m. p. 132-5°. On treatment with periodate under the above conditions, the sugar consumed 
no detectable amount of periodate. These values agree with those reported for 2,4,6-tri-O- 
methyl-p-mannose.* 1° 
Hough, Jones, and Wadman, /J., 1950, 1702. 

Bacon and Edelman, Biochem. J., 1951, 48, 114. 

Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444. 

O’Dea and Gibbons, Biochem. J., 1953, 55, 580. 

Bell and Northcote, J., 1950, 1944. 

Kuhn, Chem. Ber., 1955, 88, 1492, 1537. 

Dubois, Gilles, Hamilton, Rebers, and Smith, Analyt. Chem., 1956, 28, 350. 
Rappaport, Reifer, and Weinmann, Mikrochim. Acta, 1937, 1, 290. 
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(iii) Fraction T4 (63 mg.). The syrup, which did not crystallise, had Rp 0-86 in butan-l-ol- 
ethanol—water; [a],}* -+2-8° (in water), and OMe, 38-5%. On periodate oxidation as above, 
the sugar consumed 0-87 mol. of oxidant in 71 hr. When oxidised with sodium metaperiodate 
in presence of 1% of p-hydroxybenzaldehyde 2” it liberated 0-90 mol. of formaldehyde in 
90 hr. These values are in agreement with those reported for 2,3,4-tri-O-methyl-D-mannose.”# 

Tetra-O-methylmannose (1-03 g.). This had Ry and Mg values identical with those of 
2,3,4,6-tetra-O-methyl-p-mannose. It had [aj,3* +4-2° (c 2-8 in water) and OMe 52-0%. 
The anilide derivative had m. p. 143°. These properties define the substance as 2,3,4,6-tetra- 
O-methyl-p-mannose. 

Acetolysis of Yeast Mannan.**—Dry yeast mannan (5 g.) was slowly stirred into a cooled 
(0°) mixture of acetic anhydride (30 ml.), glacial acetic acid (30 ml.), and concentrated sulphuric 
acid (3 ml.). The mixture was shaken at 18° for 120 hr. and then kept at 2° for 10 hr. There- 
after the mixture was slowly stirred into ice-water (500 ml.) and brought to pH 4 with sodium 
carbonate. Sugar acetates were extracted from the mixture with chloroform (5 x 150 ml.) 
and the extracts washed with dilute sodium carbonate and finally with water. After being 
dried, the chloroform was removed at 30°, leaving a syrup, which was deacetylated by the 
barium methoxide method. 

A portion of the sugar product (400 mg.) was fractionated by thick-paper chromatography 
in ethyl acetate—acetic acid—water (3: 1: 3, by vol.), with multiple development for two 24-hr. 
periods. Five sugar zones (A to E, in order of decreasing Ry values) were detected on the 
control strips and the zones corresponding to each were separately eluted with water to re- 
cover the sugars. On complete acid hydrolysis of a small portion (2 mg.) of each zone, only 
mannose was detected by chromatography. 

Zone A. This had Rp and Mg values identical with those of a mannose control and it 
was not further examined. 

Zone B. This migrated as an elongated spot on paper chromatography and was shown 
by paper electrophoresis in borate buffer to contain two components (Mg values 0-55 and 0-61). 
The mixture (ca. 70 mg.) was chromatographed on a column of ‘‘ Ultrasorb ’’—Celite (55 x 2-5 
cm.) with gradient elution by 0-25——-» 8% aqueous ethanol in 201. Small portions (1 ml.) 
of each 100 ml. of eluent were examined with the phenol-sulphuric acid reagent.2° Two 
incompletely separated peaks of concentration in the eluent were obtained and, by selection 
of peak fractions only, two chromatographically pure sugars, Bl (25 mg.) and B2 (10 mg.), 
were obtained. 

Sugar Bl migrated as a disaccharide on electrophoresis in 0-4m-sodium hydrogen sulphite ° 
(Mg 0-73; maltose and maltotriose controls had Mg values 0-73 and 0-40, respectively). It 
had Ry and Mg values identical with those of 2-O-a-p-mannopyranosyl-p-mannose. The 
disaccharide (1-4 mg.) was oxidised at 18° in a solution containing 0-3M-sodium metaperiodate 
(0-5 ml.), 1% p-hydroxybenzaldehyde (0-3 ml.), 0-25m-phosphate buffer (pH 8-0; 1 ml.), 
and water to 10 ml. Portions (2 ml. each) were removed at intervals for estimation of form- 
aldehyde. A control digest, containing the reagents but no sugar, was similarly treated. 
Another portion of the disaccharide (1-4 mg.) in water (2 ml.) was reduced with 0-3% sodium 
borohydride solution (1 ml.) for 48 hr. at 20°. Sufficient 2N-sulphuric acid was then added 
to make the solution acid and, after 5 min., the pH was adjusted to 8. The reduced sugar 
was then oxidised as above. Another portion (1-5 mg.) was reduced and then oxidised in a 
similar manner but at pH 3-6 (0-l1m-acetate buffer). The results (CH,O liberated, mole/mole) 
were: 


‘Time (hr.): 12-5 25-6 47-5 
NE Ge OD sin viietevrcnsscredcincsstietucsusevetetubessectseess 1-42 1-66 1-81 
I Me IG I bss wid itnein cddndecataskinstcsnreneton 0-88 1-01 0-96 
ee CN I GW asin pice cmiccedeciiesccrndenipeainenen dices 0-84 1-04 1-01 


A further portion of the acetolysis mixture, when separated by the above method, gave a 
sugar identical with B1, and having [a],,1* +48-0° (c 0-08 in water). 

Sugar B2 also migrated as a disaccharide on electrophoresis in sodium hydrogen sulphite 
solution. Its Rp and Mg values were identical with those of 6-O-«x-p-mannopyranosyl-p- 
mannose. The sugar (0-8 mg.) was oxidised with periodate at pH 8 as described above and 


22 Aspinall, Rashbrook, and Kessler, J., 1958, 215. 
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the alcohol, derived by borohydride reduction, was also oxidised. Results (CH,O liberated, 
mole/mole) were: 


Time (hr.): 12-5 25-6 47-5 
SU SE cs ininncs sno ctanashnetcoiuenskidneieienaicidaese 0-13 0-07 0-07 
eT MUI IED oceans isis cs te cecdasaencssdcarsuesecncesben 0-85 0-87 0-94 
SONS GSCNNTS GE UE BG kein id sick ccc tdetiiccnimsidsstionse 0-71 0-91 0-91 


A further quantity of sugar B2, when obtained as above, had [a],* +62-3° (c 0-06 in water). 

Zones C, D, and E. On chromatography in the butan-l-ol—ethanol—water solvent, these 
had Rp values relative to that of galactose of 0-25, 0-15, and 0-05, respectively. On partial 
hydrolysis by 0-3N-sulphuric acid at 100° for 1 hr., zone C gave disaccharides identical in 
chromatographic and electrophoretic behaviour with sugars Bl and B2. Zones D and E also 
gave the same two disaccharides when similarly treated. No trace of any other disaccharides 
was found in the acetolysate. 

Acetolysis of Mannose.—Dry D-mannose (5 g.) was treated under the same acetolysing 
conditions as for the yeast mannan, and the deacetylated products were examined chromato- 
graphically. Mannose was the only product detected. 


We thank Professor J. K. N. Jones, F.R.S., Dr. A. S. Perlin, and Dr. G. O. Aspinall for 
kind gifts of mannose derivatives, and Messrs. Guinness and Son (Port Royal) Ltd. and the 
Lancashire Education Authority for financial assistance (to D. D.). 
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766. The Alkylation of Guanosine and Guanylic Acid. 


By P. Brookes and P. D. LAWLEY. 


Alkylation of guanosine with diethyl sulphate, 1,4-dimethanesulphony]- 
oxybutane, ethylene oxide, and butadiene dioxide, and of guanylic acid 
with di-(2-chloroethyl)methylamine, gave products which yielded 7-alkyl- 
guanines on acid hydrolysis. The difunctional alkylating agents gave also 
di(guanin-7-yl) derivatives. 
Further alkylation of 7-2’-hydroxyethylguanine with ethylene oxide 
gave 7,9-di-(2-hydroxyethyl)guanine. This was unstable in alkali, under- 
going fission of the imidazole ring to yield a substituted 2,4,5-triamino-6- 
hydroxypyrimidine. 
METHYLATION of guanosine and guanylic acid occurs at Ni) since the products yield 
7-methylguanine on acid hydrolysis; }* and di-(2-chloroethyl) sulphide effects 7-alkylation 
of guanine residues in nucleic acids im vitro and in vivo. We wished to prepare other 
7-alkylguanines in order to identify the products expected from alkylation of nucleic acids 
by other reagents. It has also been proposed ® that difunctional alkylating agents yield 
di(guanin-7-yl) derivatives on reaction with nucleic acids, but no compound of this type 
was obtained pure: their preparation was therefore also attempted. 

Alkylated derivatives of guanosine and guanylic acid are unstable in alkali, but the 
nature of the products has not been established. It has now been shown that further 
alkylation of a 7-alkylguanine yields a 7,9-dialkylguanine, the structure of which has been 
established by a study of its reaction in alkali and by formation of an identical substance 
on alkylation of the 9-alkylguanine. 

The general method for preparation of 7-alkylguanines was to heat guanosine with an 


1 Lawley and Wallick, Chem. and Ind., 1957, 633. 

2 Lawley, Proc. Chem. Soc., 1957, 290. 

3’ Reiner and Zamenhof, J. Biol. Chem., 1957, 228, 475. 
4 Brookes and Lawley, Biochem. J., 1960, 77, 478. 

5 Brookes and Lawley, Biochem. J., 1961, 78, 2P. 
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excess of alkylating agent in dimethylformamide (for 1,4-dimethanesulphonyloxybutane) 
or acetic acid [for ethylene oxide, butadiene dioxide, or di-(2-chloroethyl) sulphide *] or in 
absence of solvent (for diethyl sulphate). Di-(2-chloroethyl)methylamine is unstable as 
the free base and the hydrochloride was used in reaction with the sodium salt of guanylic 
acid in neutral aqueous solution. Complete reaction of guanosine was achieved only with 
ethylene oxide. 

Acid hydrolysis of the alkylated guanosine or guanylic acid yielded the 7-alkyl- 
guanines (with unchanged guanine). Hydrolysis of our 7-alkyldeoxyguanylic acids 
occurred in neutral aqueous solution, as previously found? for 7-methyldeoxyguanylic 
acid. The hydrolysis products were separated by chromatography on a cation-exchange 
resin, the components being detected by ultraviolet absorption spectroscopy. The 
general order of elution was guanine, 7-alkylguanine, and di-(guanin-7-yl) derivative 
(if present); but the 7-alkylguanines from ethylene oxide and butadiene dioxide were 
eluted before guanine. The products were generally purified as bases which were sparingly 
soluble in water. Paper chromatography proved valuable for identifying them, especially 
when difunctional alkylating agents were used. Monoguanine derivatives, e.g., (I), had 
Ry values in both acid and alkaline solvents greater than those of guanine; diguaniny]l 


oO CHa CHa-NMe-CH2-CH2-OH ©  CH2*CH2*NMe-CH2-CH2 6 
| 1 1 
N N N 
HNj * 3y~"7 HN NH 
H nQ 54! > H nk | ? < | JNH 
in ie (1) in i (II) Ny 2 


compounds, ¢.g., (II), had Ry ~0 in all solvents (see Table). All the difunctional alkylating 
agents used gave diguaninyl compounds; those from di-(2-chloroethyl)methylamine and 
butadiene dioxide were obtained pure. However, the 7-alkylguanine (I) could not be 
purified owing to its high solubility in water. 1,4-Di(guanin-7-yl)butane-2,3-diol was a 
microcrystalline solid, the analysis of which suggested a molecular complex with 1-5 mol. 
of erythritol, the latter presumably derived by hydrolysis of the excess of butadiene 
dioxide used. The ultraviolet absorption spectra gave the values of emax, expected for a 
compound of molecular weight equal to that of this complex and containing two 7-alkyl- 
guanine residues. The strong binding of the polyhydric alcohol, although unexpected, 
is in line with the general tenacious binding of water by compounds of this series. 

The position (N,)) of the alkyl groups was shown by comparison of the ultraviolet 
absorption spectra with those of 7-methylguanine (Table). The only significant difference 
was that for di-(2-guanin-7’-ylethyl)methylamine (II) stronger acid was required to change 
the spectrum from the free-base to the cation type. The spectrum of the cation was 
significantly different in shape from that of other 7-alkylguanines, presumably owing to 
the presence of a strongly basic alkylamino-group in proximity to the basic group of the 
guanine. ; 

7-Alkylation of 9-substituted guanines being established, it was of interest to determine 
the position of alkylation of the 7-substituted guanines. 7-2’-Hydroxyethylguanine was 
obtained from guanosine and ethylene oxide in good yield and further alkylation gave a 
di-(2-hydroxyethyl)guanine (III), again in good yield. This was stable in acid but was 
converted by alkali into a single product (IV), as shown by paper chromatography and by 
the occurrence of an isosbestic point as the ultraviolet absorption spectrum changed with 
time. 

The ultraviolet absorption spectrum of compound (III) was unchanged over the pH 
range 7—1, showing the absence of a basic pK, in this region. This spectrum and that 
of the product of the alkaline reaction were similar to those of 7-alkylguanylic acid 2 and 
its alkaline reaction product. These facts are inconsistent with formulation of compound 
(III) as a 1,7-dialkyl- or a 7-alkyl-2-alkylamino-guanine since both these would have a basic 


pX, of ~3 (similar to that of guanine), the spectrum of the former would be unchanged in ° 
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Absorption spectra and Ry values of guanine and pyrimidine derivatives. 


Ry ¢ in solvent 


E280 
pH Amax. (Mp) 10¢ Amin. (Mp) Eggo 1 2 3 4 
Guanine derivatives 
7-Me l 270,* 250 6-9, 10-6 228 0-79 0-27 0-22 0-12 0-24 
7 283, 248 7-4,5-7 261,235 1:8 
12 280-5 7:3 257 1-9 
7-Et 1 274, 250 7-0, 11-1 268, 228 0-81 0-33 0-33 0-30 0-45 
7 284, 245 7-7,5°9 261, 237 1-9 
12 280 7-4 256 1-8 
7-CH,°CH,"OH 15 250 9-7 229 0-77 0:36 0-29 0-13 0-27 
7 284, 245 * 7-2,5-5 257 1-9 
12 281 6-9 261 1-9 
7-[(CH,],°OH 1 249 11-0 228 0-75 0-40 0-40 0-20 0-45 
7 284 7:8 261 1-8 
12 280 7:3 258 1-7 
7-CH,*(CH(OH)],"H 1 269,* 250 7-1, 11-9 229 0-74 0-26 0-30 0-03 0-22 
7 284 7:8 260-5 1-9 
12 281 75 257-5 2-0 
1,4-Di(guanin-7-yl) butane- 1 274,* 252-5 14-3, 21-2 230 0-74 0-04 0:04 00 0-0 
2,3-diol 7 283-5, 250 14-7, 13-9 266, 237 1-3 
12 281 14-6 257 1-4 
(II) —0-4 252 20-7 228 0-55 0:05 0:05 0-0 0-0 
7 284 12-5 261 1-8 
12 281 14-2 257 1-8 
(IIT) 15 281, 254 7-1, 10-9 271, 229 0-70 0-52 0-52 0-05 0-31 
7 281, 254 7-2, 11-1 271,229 0-71 
12 282-5, 252 78,56. 262,244 1-5 
2-Amino-6-hydroxypyrimidine derivatives 
(IV) 15 269 18-1 240 0-90 0-60 0-60 0-17 0-50 
12 265 11-8 242 0-22 
(V) —0-2 267 12-4 231 0-53 0-36 0-46 Decomp. 
7 282 10-1 242 2-4 
115 277, 248* 76,41 236 1-6 
4,5-(NAc*(CH,],"OAc) 15 274 6-9 250 1-2 0-91 0-81 
7 274 6-9 250 1-2 
11-5 265 7-8 254 0-74 
(VI) —0-2 262 15-1 232 0:06 0-40 Decomp. 
7 279-5 8-8 236 1-7 
115 279 7-2 237 1-7 
4,5-(NH,). —0-2 262 19-1 225 0-08 
7 288 10-5 229 1-7 
. 11-5 282, 240 8-1,5-7 257,229 1-6 
4-(NH-[CH,],"OH)-5- 2 271 15-9 238 1-03 
(NH-CHO) 13 265-5 10-7 237 0-34 


* Inflection. f For solvents see p. 3926. 


alkali owing to absence of an acidic group, and the spectrum of the latter in alkali would 
be changed reversibly (as for guanine). The remaining possibilities are a 3,7- or a 7,9-di- 
alkylguanine. No 3-substituted guanines are known, suggesting that there is little 


Chee é “ . . 
O CHa CH2-OH fe) CHa CH2-OH fe) jta CH2*OH 


N 7 N N, 
HN 4 HN HANK 
2 N N 2 N N 2 N NH-CH2:CH2-OH 
(III) CH2*CH2-OH | 


1@) 1@) 
HN“ NH-CH2+CH2*OH > 2 acakapee 
VI \ 
(VI) HIN, NH-CH2-CH2C! HN NH-CH:-CH,-oH_ 
tendency for alkylation to occur on the pyrimidine ring in the guanine series. Methylation 


of the pyrimidine ring of adenine at Ny) has been shown * to weaken this ring, so that it is 
* Brookes and Lawley, J., 1960, 539. 


(IV) 
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opened by acid, yielding a substituted imidazole, while alkali causes a net migration of the 
alkyl group from the ring-nitrogen atom to the extranuclear amino-group, possibl\* by 
ring fission and reclosure. Compound (III) was stable to acid and the product of its 
alkaline reaction appeared from its absorption spectrum to be a substituted pyrimidine 
rather than an imidazole or a purine. 

The formulation of compound (III) as 7,9-di-(2-hydroxyethyl)guanine is therefore 
consistent with its lack of a basic pXK,, with the similarity of its absorption spectra to those 
for 7-alkylguanylic acids, and with the effect of alkali (which would be expected for both 
compounds to result in fission of the imidazole ring). This structure was confirmed by 
alkylation, with ethylene oxide, of 9-2’-hydroxyethylguanine (kindly supplied by Dr. 
C. L. Leese of this Institute) which gave the same product (III). 

The ultraviolet absorption spectra of compound (IV) [which was obtained from (III) 
by the action of alkali] were similar to those of 2,4-diamino-5-formamido-6-hydroxy- 7 and 
2-amino-5-formamido-6-hydroxy-4-2’-hydroxyethylamino-pyrimidine, suggesting that it 
was 2-amino-6-hydroxy-4-2’-hydroxyethylamino-5-2’-hydroxyethylformamidopyrimidine. 
Compound (IV) did not crystallise. Attempted removal of the formyl group by mild acid 
yielded a mixture which was resolved by cation-exchange chromatography. The principal 
component had absorption spectra similar to those of 2,4,5-triamino-6-hydroxypyrimidine 
(Table), suggesting that loss of the formyl group had given 2-amino-6-hydroxy-4,5-di- 
(2’-hydroxyethylamino)pyrimidine (V); this compound was characterised as its tetra- 
acetyl derivative. The minor component (VI) had ultraviolet absorption spectra of a 
substituted triaminopyrimidine; it was the sole ultraviolet-absorbing product of more 
vigorous acid treatment, so that compound (V) has limited stability in acid. Analysis of 
compound (VI) suggested esterification of one of the 2-hydroxyethylamino-groups by 
hydrochloric acid; this is analogous to the esterification of 5-amino-6-dimethylamino- 
4-2’-hydroxyethylaminopyrimidine by hydrochloric acid observed by Lister,’ which 
suggests that the 4- rather than the 5-2’-hydroxyethylamino-group had reacted in the 
present case. 


EXPERIMENTAL 


M. p.s were observed on a microscope hot-stage. Absorption spectra were measured with 
a Unicam S.P. 500 spectrophotometer for aqueous solutions. Paper chromatography was 
carried out on Whatman No. 1 filter paper, the following solvents being used: (1) methanol- 
concentrated hydrochloric acid—water (7: 2:1); (2) methanol-ethanol—concentrated hydro- 
chloric acid—water (50: 25:6:19); (3) butan-l-ol saturated with water—aqueous ammonia 
(d 0-88) (100: 1); (4) ethanol-water-aqueous ammonia (d 0-88) (80:18:2). Descending 
chromatography was used for solvent (3) and ascending for solvents (1), (2), and (4). 

7-Ethylguanine.—Guanosine (1 g.) and diethyl sulphate (1 c.c., ~2 equiv.) were heated in a 
sealed tube at 100° for 2 hr., then extracted with N-hydrochloric acid (25 c.c.), refluxed for 1 hr., 
and applied to a column (20 x 3 cm.) of Dowex-50 (H* form, equilibrated with n-hydrochloric 
acid). The column was developed with n-hydrochloric acid. Fractions (50 c.c.) were collected 
and the optical densities at 260 and 280 my measured, with dilution where necessary with 
N-hydrochloric acid. Fractions 85—115, containing the 17-ethylguanine, were bulked and 
evaporated to dryness and most of the acid was removed by addition of water and re-evapor- 
ation. A solution of the residue in water (10 c.c.) was made neutral with concentrated ammonia 
solution. The resulting precipitate was recrystallised from water, giving prisms which sublimed 
above 250° (Found: C, 46-4; H, 4-9; N, 38-8. C,H,N,O requires C, 46-9; H, 5-0; N, 39-1%). 
The yield obtained by summation of the optical densities of the appropriate fractions was 27% ; 
the yield of recrystallised material was 15%. 

7-2’-Hydroxyethylguanine.—Guanosine (2-8 g., 0-01 mole) was heated in glacial acetic acid 
(20 c.c.) with ethylene oxide (4-4 g., 0-1 mole) at 100° for 30 min. The clear solution was 
evaporated and the residue heated in N-hydrochloric acid (10 c.c.) at 100° for Lhr. The solution 


7 Hems, Nature, 1958, 181, 1721. 
8 Lister, J., 1960, 899. 
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was made neutral with potassium hydroxide and the resulting precipitate washed with cold 
water and dried (yield 1-23 g., 65%). Recrystallisation from water gave 7-2’-hydvoxyethyl- 
guanine monohydrate as prisms which did not melt below 325° (Found: C, 39-4; H, 5-1; N, 32-7. 
C,;H,N,O,,H,O requires C, 39-6; H, 5-2; N, 32-9%). The material was unchanged (analysis) 
after being heated at 100° in vacuo. 

7,9-Dt-(2-hydroxyethyl)guanine.—7-2’-Hydroxyethylguanine (2-3 g.) was heated in glacial 
acetic acid with ethylene oxide (5-2 g., 10 equiv.) at 100° for 1 hr. The solvent was removed 
and the residue dissolved in water (5 c.c.) and neutralised. The resulting precipitate was 
washed and dried, yielding 7,9-di-(2-hydroxyethyl)guanine sesquihydrate (1-8 g.) which recrystal- 
lised from water as needles, m. p. 320° (Found: C, 40-8; H, 6-2; N, 26-6. C,H,,;N;0,,1-5H,O 
requires C, 40-7; H, 6-0; N, 26-3%). This analysis was obtained after drying at 100° in vacuo. 
9-2’-Hydroxylethylguanine (0-2 g.) was heated in glacial acetic acid (5 c.c.) with ethylene oxide 
(0-44 g., 10 equiv.) at 100° for l hr. The product was isolated as described above and shown 
to be identical with that from 7-2’-hydroxyethylguanine by ultraviolet and infrared absorption 
spectra and Ry in 3 solvent systems. 

Action of Alkali on 7,9-Di-(2-hydroxyethyl)guanine.—7,9-Di-(2-hydroxyethyl)guanine (1 g.) 
was heated in saturated barium hydroxide solution (30 c.c.) at 100° for 2 hr. by which time the 
reaction was complete, as indicated by the change in ultraviolet absorption spectrum. The 
solution was made slightly acid with sulphuric acid and then neutralised by an excess of barium 
carbonate. The precipitate was removed by centrifugation and the clear solution on evapor- 
ation gave the formamidopyrimidine (IV), as a solid which did not crystallise. A solution of 
this (0-5 g.) in N-hydrochloric acid (10 c.c.) was heated at 100° for 4 hr., the change in ultraviolet 
absorption (a fall in Dy.9/Dog9 from 0-82 to 0-6) showing the reaction to be then complete. The 
acid solution was applied to a column, (18 x 2 cm.) of Dowex-50 (H* form, equilibrated with 
N-hydrochloric acid). The column was developed with n-acid (2-5 1.) which removed small 
amounts of minor products, and then with 1-6N-acid. The optical density of the fractions 
showed two products foliowing closely one on the other, the first in fractions 68—82 amounting 
to approx. 80% of the total. Evaporation of these fractions gave the aminopyrimidine (V) as 
a yellow deliquescent hydrochloride (0-18 g.) which did not crystallise (nor did the free base, 
sulphate, or picrate). Absorption spectra (see Table) were obtained for the dried sulphate. 
The hydrochloride was refluxed for 6 hr. in acetic acid and acetic anhydride (~3: 1); evapor- 
ation gave a solid which recrystallised from chloroform-ether as prisms of 4,5-di-(N-2’-acetoxy- 
ethylacetamido)-2-amino-6-hydroxypyrimidine, m. p. 176—178° (Found: C, 48-8; H, 5:5; 
N, 17-4. C,,H.3N,O, requires C, 48-4; H, 5-8; N, 17-6%). 

Compound (IV) (0-5 g.) was refluxed with 6N-hydrochloric acid (10 c.c.) for 4 hr., Dogo/Dogo 
falling to 0-27 and Dy., decreasing to 40% of its initial value. The solution was diluted to 60 
c.c. and chroniatographed on Dowex-50 (H*-form) as described above. 1-6N-Acid gave as the 
only ultraviolet-absorbing component a substance (VI) identical with the minor product of the 
N-acid treatment. This compound was isolated and recrystallised from methanol-ethyl 
acetate as needles of 2-amino-4-2’-chloroethylamino-6-hydroxy-5-2’-hydroxyethylaminopyrimidine 
hydrochloride, m. p. 178—183° (Found: C, 34-0; H, 4-7; N, 23-1. C,H,,CIN,;O,,HCl requires 
C, 33-8; H, 5:3; N, 24-6%). 

7-4’-Hydroxybutylguanine.—Guanosine (2 g.) and 1,4-dimethanesulphonyloxybutane (2 g.) 
were added to dimethylformamide (20 c.c.) and heated at 110° for 4 hr. After cooling, the 
unchanged guanosine was filtered off and the clear solution evaporated to dryness ; the residue was 
heated in N-hydrochloric acid for 1 hr. at 100°, then chromatographed on Dowex-50 (H*-form) 
(26 x 3-8 cm.) in the usual way. Elution with N-acid removed guanine in fractions 90—140, 
and then 2n-acid gave a product in fractions 192—210 (8% yield) with ultraviolet absorption 
spectra characteristic of a 7-alkylguanine. The second product was isolated as the free base in 
the usual way and recrystallised from water as plates of 7-4’-hydroxybutylguanine, sublimes 
~280°, melts finally at 308—315° (Found: C, 47-9; H, 6-0; N, 33-4. C,H,,N;O, requires 
C, 48-2; H, 5-8; N, 31-4%). . 

Reaction of Guanosine with Butadiene Dioxide —Guanosine (850 mg.) and butadiene dioxide 
(400 mg., 1-5 equiv.) were heated in glacial acetic acid (10 c.c.) at 100° for l hr. The resulting 
clear solution was evaporated and the residue heated in N-hydrochloric acid (10 c.c.) at 100° 
for 1 hr., cooled, diluted with 3 vol. of water, and chromatographed on Dowex-50 (H*-form; 
15 x 3 cm.; equilibrated with 0-25n-hydrochloric acid). Elution with 0-25n-hydrochloric 
acid yielded in fractions 6—10 a product (~3% yield) with €gg9/E9g9 = 1-7 which was destroyed 
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on evaporation; in fractions 20—30 a product (~10% yield) with egs9/eog9 = 0-68; and in 
fractions 52—74 a product (~30% yield) with €gg5/24) = 0-74. Elution was continued with 
N-hydrochloric acid and, after removal of guanine in fractions 90—100, with 2N-hydrochloric 
acid, which gave a product (~15% yield) with €gg9/e2g9 = 0-68 in fractions 180—210. 

The appropriate fractions were evaporated, aqueous solutions of the resulting hydro- 
chlorides were made alkaline with aqueous ammonia, and the excess of ammonia was boiled 
off. Fractions 20—30 did not yield an insoluble base, and the hydrochloride was deliquescent 
and did not crystallise. Fractions 52—74 gave a crystalline base which recrystallised from 
water as plates of 7-(2,3,4-trihydroxybutyl)guanine monohydrate, m. p. 286—289° (Found: C, 39-3; 
H, 5-7; N, 25-1. C,H,,N,;0,,H,O requires C, 39-6; H, 5-5; N, 25-6%). Fractions 180—210 
gave 1,4-di(guanin-7-yl)butane-2,3-diol which recrystallised from water as a molecular complex 
with erythritol, m. p. 250—300° (Found: C, 41:9; H, 5-8; N, 24-1. CygHygNy9O4,1-5C,H,,O, 
requires C, 42-0; H, 5-4; N, 24-5%). 

Di-(2-guanin-7’-ylethyl)methylamine.—Di-(2-chloroethyl)methylamine hydrochloride (2 g.) 
in water (10 c.c.) was added to a solution of disodium guanylate (2 g.) in water (10 c.c.) at 37°. 
Continued shaking gave a solution of pH 7-5 initially, falling to pH 6-5 after 1 hr. Concen- 
trated hydrochloric acid (2 c.c.) was added and the solution heated at 100° for 1 hr., cooled, and 
applied to a column (17 x 3-2 cm.) of Dowex-50 (H*-form; equilibrated with 2N-hydrochloric 
acid). Development with 2n-acid gave guanine in fractions 20—40, then 4Nn-acid gave two 
products in fractions 54—60 (~4%) and 61—75 (~11%) respectively. These products had 
identical ultraviolet absorption spectra, corresponding to those of 7-alkylguanines and could 
not be distinguished by their Rp values [solvent (1) 0-25; (2) 0-25; (3) 0-15; (4) 0-45]. The 
compounds were isolated but did not crystallise as salts or free bases, the latter being very 
soluble in water. Further development of the column with 5n-acid gave in fractions 100—140 
a product (II) which was isolated (~20% yield) as the free base; recrystallisation from water 
gave di-(2-guanin-7’-ylethyl)methylamine trihydrate as needles, m. p. >330° (Found: C, 41-4; 
H, 5-6; N, 35-3. C,,;H,)N,,0.,3H,O requires C, 41-0; H, 5-7; N, 35-1%). 

Hydrolysis of 7-Alkyldeoxyguanylic Acids in Neutral Aqueous Solution.—Deoxyguanosine-5’ 
phosphate (0-1 millimole) was treated with diethyl sulphate (0-1 millimole) in 0-4N-phosphate 
buffer pH 7-2 (1 c.c.) at 37° for Lhr. <A part (0-3 c.c.) of the solution was chromatographed on 
Whatman No. 4 paper with saturated aqueous ammonium sulphate—propan-2-ol—0-1N-phos- 
phate (79: 2:19) at pH 7-2 as solvent. The component of Ry 0-7 (~14% yield) was eluted 
from the paper with 0-1N-phosphate buffer (pH 7-0), and the ultraviolet absorption of the 
solution was measured immediately and after 20 hr. and 120 hr. at 37°. The spectrum was 
initially similar to that for 7-methyldeoxyguanylic acid ? and finally to that of 7-ethylguanine, 
the half-life of the hydrolysis being approx. 20 hr. The remainder of the reaction mixture 
(0-7 c.c.) was kept at 37° for 120 hr.; a crystalline precipitate had then formed which was shown 
by paper chromatography and ultraviolet absorption spectroscopy to be 7-ethylguanine. 

A similar experiment with deoxyguanylic acid and di-(2-chloroethyl)methylamine hydro- 
chloride yielded a precipitate after 120 hr. which was shown to be di-(2-guanin-7’-ylethy]l)- 
methylamine. 


Analyses were by the Microanalytical Laboratory, Imperial College of Science and Tech- 
nology, London. This investigation has been supported by grants to the Chester Beatty 
Research Institute (Institute of Cancer Reaearch: Royal Cancer Hospital) from the Medical 
Research Council, the British Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund 
for Medical Research, the Anna Fuller Fund, and the National Cancer Institute of the National 
Institutes of Health, U.S. Public Health Service. 
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767. Lodomercurate Complexes with Growp V Quaternary Iodides. 
Part I. Aqueous Decompositions and Absorption Spectra. 


By G. B. DEAcon and B. O. WEstT. 


Iodomercurate complexes containing the cations (M) NMe,*, PyH*, 
PMe,*, Ph,;MeAs*, and having the empirical formule M,[HglI,], M[Hgl,], 
M,[Hg;I,], or M[Hg,I,] have been prepared. The nature of their decomposi- 
tion in aqueous suspension has been established. The ultraviolet spectrum 
of a representative of each class of the iodomercurates has been determined. 


EXAMPLES are known of four classes of quaternary iodomercurate complexes, involving 
univalent cations (M), viz., (I) tetraiodomercurates M,{HglI,], (II) tri-iodomercurates 
M{HglI,], (III) pentaiododimercurates M[Hg,I,], and (IV) octaiodotrimercurates M,[Hg,I,]. 
It has now been established that the tetramethylammonium and tetramethylphosphonium 
cations form complexes of classes (I)—(III), the triphenylmethylarsonium cation forms 
complexes of classes (I) and (II), and the pyridinium cation forms complexes of classes (I), 
(II), and (IV). Two previously reported compounds, viz., bis(tetramethylammonium) 
octaiodotrimercurate(t1) } and pyridinium pentaiododimercurate(t11) 2 could not be authentic- 
ated. A solid with the composition of the former complex was found to yield the corre- 
sponding tri-iodomercurate and pentaiododimercurate on fractional recrystallisation, while 
attempts to prepare the latter complex gave dipyridinium octaiodotrimercurate(1). 
Factors affecting the isolation of quaternary tetrahalogeno-transition-metal complexes 
have been discussed.3 

The compounds [PyH],[HglI,], [PMe,]{HglI,], [NMe,][Hg,I;], and [PyH],[Hg,I,], are 
diamagnetic as is expected for a d! structure of the mercuric ion. 

Aqueous Decompositions.—V arious water-insoluble quaternary iodomercurate complexes 
deepen in colour when washed with water,! and pyridinium iodomercurates undergo partial 
decomposition to mercuric iodide when similarly treated. Bis(triethylsulphonium) tetra- 
iodomercurate(I1) lost diethyl sulphide and ethyl iodide and formed the tri-iodomercurate 
when heated with water.* It has now been established that a series of insoluble quaternary 
iodomercurates will decompose in water to form other insoluble iodomercurates, or mercuric 
iodide and a soluble quaternary iodide. The reactions follow a stepwise pattern thus: 





(i) M,{Hgl,] ——s M[Hgls] + M* + I- 
(ii) 2M[Hgls] —» M[Hg,l5] + Mt+I- . 
or (iii) 3M[Hgl] ——w M,[Hgsle] + M+ + I- 
(iv) M[Hge!;] ——s 2Hgl, + Mt + I- 
(v) Mg[Hgs!5] —— 3Hgl, + 2M* + 2I- 


where (i) M = NMe,, PMe,, PyH, Ph,MeAs; (ii) M = NMe,, PMe,; (iii), (v) M = PyH; 
and (iv) M= PMe,. Triphenylmethylarsonium tri-iodomercurate(I1) does not decompose 
further on boiling with water, which is consistent with the failure to prepare either a penta- 
or an octa-iodo-derivative for this cation. The course of the reaction of pyridinium tri- 
iodomercurate(II) is in agreement with the preparation of an octaiodo; and not a pentaiodo- 
derivative for this cation. The quaternary iodide eliminated in a particular step inhibits 
the next step, enabling an easy identification of the product to be made at each stage. 
Attempted decomposition of tetramethylphosphonium tri-iodomercurate(11) in the presence 
of a large excess of iodide resulted in the formation of the tetraiodomercurate. 

Ultraviolet Absorption Spectra.—The ultraviolet absorption spectra of mercuric iodide 
Lal Datta, J. Amer. Chem. Soc., 1913, 35, 949. 
Frangois, Compt. rend., 1905, 140, 861. 


Gill and Nyholm, J., 1959, 3997. 
Balfe, Kenyon, and Phillips, J., 1930, 2554. 
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and a series of quaternary iodomercurates are shown in Figs. 1 and 2. Mercuric iodide has 
a single maximum in the region 2300—3200 A in both methanol (Fig. 2, curve 1) and 
ethanol.’ The spectra of tetramethylphosphonium tri-iodomercurate(Ii) alone, and in the 
presence of an equivalent molarity of iodide, and of bis(tetramethylphosphonium) tetra- 
iodomercurate(I1) alone, and in the presence of a moderate excess of iodide * are similar, 
and have maxima at the same wavelengths in methanol (Fig. 1, curves 5, 2, 1, 3), suggesting 
that the tri-iodomercurate ion is the predominant iodomercurate species in each solution. 
The differences in absorption between the solutions are then due to the existence of the 
equilibrium Hgl, + I- == Hegl,~, tri-iodomercurate-ion formation increasing with 




















Fic. 1. Absorption spectra in methanol. Fic. 2. Absorption spectra in methanol and 
be ethanol. 
50:0r 
25:0 
40:0 
20-0 
wW 30:0 
7 w 
Q ° 
oO 
150 ~ 
20:0) 
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10-0 
7-0 
2400 2800 3200 
Wavelength (A) 
1 [PMe,],{Hgl,], 3-02 x 10-m. 2400 2800 . 3200 
2 [PMe,][Hgl,], 4-00 x 10m, with added Wavelength (A) 


[EaeaE, SOO x 20a. 1 Hgl,, 10-9 x 10“ in methanol. 


3 [PMe,)},{Hgl,}, 2-80 x 10°*m, with added 2 [PMe,][Hgl,], calc. for methanol. 
4 rehecitttgl.) calc 10"%u. 3 [PyH)[Hgl,], calc. for ethanol. 

[PMe,]| P Cc. I 2-17 44 j 7 
5 [PMe,|(Hal,], 4-02 x 10-8. : [PMe,]|[Hg,I,], 2.17 x 10-*m in methanol 


> [PMe,],[HglI,], 3-13 x 10-'m, with added 
[PMe,]I, 231 x 10-‘m. 


3 
> [PMe,}|[Hg,I,], calc. for methanol. 
3 [PyH)},[Hg,I,], 1-37 x 10-4 in ethanol. 

7 [PyH)],{Hg;I,], calc. for ethanol. 

increased iodide concentration. The tetraiodomercurate ion is not present in a detectable 
amount, since it requires the addition of a large excess of iodide to a solution of the tetra- 
iodomercurate complex to produce a significant change in its spectrum (Fig. 1, curve 6). 
A theoretical spectrum for the undissociated tri-iodomercurate ion in methanol has been 
calculated for the region 2500—3200 A (Fig. 1, curve 4), by a method of continuous approxim- 
ations, and corresponds closely to the spectrum of bis(tetramethylphosphonium) tetra- 
iodomercurate(II) in the presence of a moderate excess of iodide (Fig. 1, curve 3). The 
calculations were based on the assumption that the absorption of the methanol solutions 
of tetramethylphosphonium tri- and tetra-iodomercurates in the region 2500—3200 A 
was due to mercuric iodide and the tri-iodomercurate ion alone. Iodide absorption is 
sufficiently small to be neglected in this region (Table 2). Details of the calculations are 
given in the experimental section, and the data used in Table 2. An average value of the 


* Below 2500 A, the spectrum of this solution is different owing to iodide absorption. Tetramethy]- 
phosphonium iodide in ethanol has ¢ (2400 A) ca. 108, the absorption increasing markedly at lower wave- 
lengths. For other values of epye,1 see Table 2. 


5 Fromherz and Lih, Z. phys. Chem., 1933, 167, 103. 
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equilibrium constant for the reaction Hgl, +- 1- —» HglI,~ in methanol at 25° also 
obtained, is 7-5 x 104. Values have been reported for this constant in acetonitrile, 
9 x 105, and in water,” 6-1 x 10°. 

The relationship between the spectra of tetramethylphosphonium tri- and tetra-iodo- 
mercurates is the same in ethanol as in methanol. The maxima are shifted to slightly 


TABLE 1. Ultraviolet absorption spectra of quaternary todomercurates in ethanol. 


Compound 10‘m Nmax. (A) (10-8e) 
nn ie RTE a eet eae 2-40 2580 (181)  3040—3060 (12-2) 
I di, Lette catty 3-08 2580—2590 (16-3) 3040—3060 (11-0) 
aR RGR 2-29 2590—2600 (22-6) 3000—3010 (14-3) 
aca 2-82 2560—2570 (24-8) 3040—3050 (12-1) 
PII cies iteniiuckadaiwsss 415 2570 (19-7)  3030—3050 (11-0) 


TABLE 2. Initial data used in the calculation of 
“ theoretical ”’ extinction coefficients for undissociated (HgI,]~. 
Optical densities (1 mm. cells) 


A De D* De Dé 10°? engt, 
2500 0-557 0-480 3-2 
2550 0-648 0-540 4-0 
2560 0-652 0-544 4-2 
2570 0-654 0-544 4-4 
2580 0-652 0-541 4:6 
2600 0-636 0-528 . 5-0 
2700 0-442 0-353 0-473 0-348 5-9 
2720 0-422 0-308 
2800 0-323 0-257 0-309 0-222 5-1 
2810 0-322 0-257 5-0 
2820 0-306 0-220 
2850 0-335 0-271 0-316 0-227 4:3 
2900 0-360 0-262 
2980 0-428 0-362 2-3 
3000 0-433 0-367 0-449 0-330 2-0 
3010 0-435 0-370 1-9 
3020 0-438 0-370 1-8 
3030 0-438 0-370 0-458 0-339 1-7 
3040 0-458 0-340 
3050 0-433 0-367 0-458 0-340 1-5 
3100 0-409 0-349 0-439 0-327 1-0 
3200 0-330 0-283 0-363 0-270 0-5 


Values of epye,r in ethanol: 2500 A ca. 10%, 2600 A ca. 30, 3200 A ca. 10. 

* [PMe,][HglI,]; 4:02 x 10m in methanol (25°). ° [PMe,],[HglI,], 3-02 x 10-'m in methanol 
(25°). * [PyH]{Hgl,], 4:15 x 10-¢m in ethanol (ca. 20°). * [PyH)],[HglI,], 2-82 x 10-4m in ethanol 
(ca. 20°). * [HglI,], 10-9 x 10-*m in methanol (ca. 20°). Values for eyg:, in ethanol taken from data 
of Fromherz and Lih.® 


longer wavelengths in ethanol, but the absorptions at the maxima are very similar in either 
solvent. The spectra of the pyridinium tri- and tetra-iodomercurates are similar to those 
of the corresponding tetramethylphosphonium salts in ethanol, but are complicated by 
pyridinium-ion absorption ® at 1 >2700 A. (A summary of spectra in ethanol is given in 
Table 1.) A theoretical spectrum for the undissociated tri-iodomercurate ion in ethanol 
has been calculated for the region 2700—3200 A. In ethanol, pyridihium and tetramethyl- 
phosphonium tri- and tetra-iodomercurates show a slight departure from Beer’s law in the 
concentration range 0-07—6-5 x 10¢m measured at the higher wavelength maximum 
where the absorption of the cations and iodide is negligible, the deviation being greater for 
the tri-iodomercurate complexes. The peaks become less distinct with dilution, but the 
positions of the maxima are unaltered. This behaviour is consistent with the presence 


® Ellendt and Cruse, Z. phys. Chem. (Leipzig), 1952, 201, 130. 
7 Sillén, Acta Chem. Scand., 1949, 3, 539. 
8 Hughes, Jellinek, and Phillips, J. Phys. and Colloid Chem., 1949, 58, 410. 
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of the tri-iodomercurate ion as the dominant iodomercurate species, in equilibrium with 
mercuric iodide and iodide ions. 

The shift of the higher-wavelength maximum of bis(tetramethylphosphonium) tetra- 
iodomercurate(11) towards the visible region in the presence of a large excess of iodide (Fig. 
1, curve 6) is due to the presence of significant amounts of the tetraiodomercurate ion. 
The indistinct nature of the maximum shows that a considerable amount of the tri-iodo- 
mercurate ion is still present. The lower-wavelength maximum is masked by iodide 
absorption. The spectrum of mercuric iodide in aqueous and ethanolic solutions of alkali- 
metal iodides shows two absorption maxima, at 2670 and 3230 A in water, and 2730 and 
3290 A in ethanol.5 Distinct maxima were only obtained with very high ratios of 
MI: HglI,, or by using much higher concentrations than in the present work (where 
MI: Hgl, = ca. 2:1). The spectra were considered to show the presence of one iodomer- 
curate species only, viz., the tetraiodomercurate ion. 

Since the spectrum of tetramethylphosphonium pentaiododimercurate(I1) (Fig. 2, curve 
4) is similar to those of the corresponding tri- and tetra-iodomercurate complexes in 
methanol, with only slight shifts in the positions of the absorption maxima, and with 
enhanced absorption compared with the theoretical curve for undissociated [HgI,]~ in the 
region 2500—3000 A (Fig. 2, curve 2) where mercuric iodide has its absorption band (Fig. 2, 
curve 1), it is considered that in solution the pentaiododimercurate complex dissociates into 
mercuric iodide and tri-iodomercurate. A theoretical spectrum for tetramethyl phosphon- 
ium pentaiododimercurate(i1) (Fig. 2, curve 5) has been constructed by assuming complete 
dissociation into HgI, and [HgI,]~, and using the measured extinction coefficients of Hgl, 
and those calculated for undissociated [HgI,}~ ions; it closely agrees with that determined 
experimentally for the pentaiodo-complex. The differences between the curves can be 
explained by some further dissociation, viz., of [HgI,]~ into mercuric iodide and iodide. 
The value of the equilibrium constant indicates that one molar equivalent of mercuric 
iodide is insufficient to prevent dissociation of [HgI,]~ ions at the concentrations studied. 
In ethanol the complex shows good agreement with Beer’s law at 3000 A in the concentra- 
tion range 0-09—3-00 x 10m and the positions of the maxima are unaltered on dilution. 
This would not be expected if significant amounts of [Hg,I,]~ ions were present at the 
higher concentrations studied. 

Similarly the shape of the spectrum of pyridinium octaiodotrimercurate(II) can be 
explained as being due to the dissociation of the complex into mercuric iodide and tri-iodo- 
mercurate ions [Hg,I,|"> —» 2[HgI,]~- + Hgl,. A theoretical curve for the complex has 
been constructed for the region 2700—3200 A by assuming complete dissociation into these 
components. Greater absorption is shown by the theoretical curve throughout this region, 
which may be explained by dissociation of [HgI,]~ ions into mercuric iodide and iodide as 
in the case of the pentaiodo-compound. This dissociation is expected to be greater for 
the octaiodo-complex, as the initial ratio of [HgI,]~ : HgI, is 2: 1 (1: 1 for the pentaiodo- 
complex) so that the effect of mercuric iodide in decreasing the dissociation of [HgI,]~ will 
be smaller in solutions of the octaiodo-derivative. The octaiodo-complex shows good 
agreement with Beer’s law at 3020 A in the concentration range 0-05—2-75 x 10m and 
the absorption maxima are scarcely altered by dilution. 


EXPERIMENTAL 


Preparations.—Two general methods of preparation of quaternary iodomercurates were used. 

Method 1. Stoicheiometric quantities of a quaternary iodide and mercuric iodide were 
heated in acetone. The products were obtained by evaporation of the solvent until crystalliz- 
ation began. 

Method 2. The stoicheiometric quantity of mercuric iodide, dissolved in aqueous potassium 
iodide, was added to the correct amount of quaternary iodide dissolved in water. The desired 


iodomercurate was immediately precipitated. The method was satisfactory for preparing tri- _ 


and tetra-iodomercurates, the compound precipitated depending only on the ratio of quaternary 
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iodide to mercuric iodide and being independent of the presence of excess of potassium iodide 
provided the reaction mixture was not heated. 

All the compounds prepared were recrystallized from acetone, ethanol, or a mixture of both. 
The solubility of tetraiodomercurate complexes in acetone is much lower than that of the other 
complexes. The solubilities of the pyridinium compounds are generally higher in acetone or 
ethanol than the complexes of other cations studied. 

Bis(tetramethylammonium) tetvaiodomercurate(1). Method 1 gave fine cream needles (diffi- 
culty was experienced in using all the quaternary iodide), m. p. >300° (lit.4 gives no value) 
(Found: C, 11-4; H, 3-0; Hg, 22-8. Calc. for C.H,,HgI,N.: C, 11-2; H, 2:8; Hg, 23-0%). 

Tetramethylammonium tri-iodomercurate(t1). Method 1 gave slender pale-yellow needles, 
m. p. 243° (lit. m. p. >200°) (Found: C, 7-7; H, 1-9; Hg, 30-4. Calc. for C,H,,HgI,N: C, 
7-3; H, 1-8; Hg, 30-6%). Method 2 gave a pale yellow powder, m. p. 244° (Found: C, 7:5; 
H, 1-9; Hg, 30-4%). 

Tetramethylammonium pentaiododimercurate(i1). Method 1 gave fine, bright-yellow needles, 
m. p. 189° (Found: C, 5-0; H, 1:5; Hg, 35-6. C,H,,Hg,I;N requires C, 4-3; H, 1-1; Hg, 
36-1%). 

Tetramethylammonium octaiodotrimercurate(i1). Method 1 gave bright-yellow microcrystals 
on complete evaporation of the solvent; they had m. p. ca. 180—181° (lit.1 gives no value). On 
fractional crystallization from acetone-ethanol the pentaiododimercurate was first obtained 
(m. p. and mixed m. p. 189°) followed by tetramethylammonium tri-iodomercurate(m) (m. p. 
and mixed m. p. 242-5—244°). 

Dipyridinium tetraiodomercurate(ii). Frangois’s method? gave material, m. p. ca. 168° 
(lit.2 m. p. 159°) (Found: C, 13-9; H, 1-8; Hg, 22-5. Calc. for C,,H,,HgI,N,: C, 13-8; H, 1-4; 
Hg, 23-1%). 

Pyridinium tri-iodomercurate(11). The stoicheiometric quantities of pyridinium tetraiodo- 
mercurate(I1) and mercuric iodide were dissolved in acetone; the compound crystallized as 
yellow microcrystals after the addition of ethanol and had m. p. 149-5° (lit.22 m. p. 151°; 
152—154°) (Found: C, 9-1; H, 1-1; Hg, 29-8. Calc. for CSH,HgI,N: C, 9-1; H, 0-9; Hg, 
30-3%). 

Dipyridinium octaiodotrimercurate(u1). The stoicheiometric quantities of the tetraiodo- 
mercurate and mercuric iodide required to form the pentaiododimercurate were heated in 
acetone. Mercuric iodide failed to dissolve completely. The resulting solution yielded the 
octaiodotrimercurate as yellow microcrystals, m. p. 101-5—102-5° (lit.2 101°) (Found: C, 6-6; 
H, 0-8; Hg, 34-0. Calc. for C,)H,,.Hg,I,N,: C, 6-8; H, 0-7; Hg, 33-9. Calc. for C;H,Hg,I,N: 
C, 5-4; H, 0-5; Hg, 36-0%). Use of the correct proportions of tri-iodomercurate and mercuric 
iodide for the pentaiododimercurate in acetone also gave the octaiodo-derivative. A solid, 
m. p. ca. 130° {reported value ? of m. p. for [PyH][Hg,I,] is 121°), containing more mercuric 
iodide than that required for the octaiodo-complex could be obtained from ethanol. On 
addition of acetone, in an attempt to recrystallize it, mercuric iodide was deposited. 

Bis(tetramethylphosphonium) tetraiodomercurate(u). Method 1 gave cream _ needles, 
m. p. >300° (Found: C, 11-0; H, 2-9; Hg, 21-9. C,H,,HgI,P, requires C, 10-8; H, 2-7; Hg, 
22-5%). Method 2 gave a cream powder, m. p. >300° (Found: C, 10-9; H, 2-8; Hg, 22-3%). 

Tetramethylphosphonium tri-iodomercurate(i1). Method 1 gave fine lemon-yellow needles, 
m. p. 197—197-5° (Found: C, 7:3; H, 2-0; Hg, 29-8. C,H,,HgI,P requires C, 7-1; H, 1-7; 
Hg, 29-8%). Method 2 gave a pale yellow powder, m. p. 197—197-5°. The identity of the two 
products was shown by mixed m. p. 197-5° and identical X-ray powder photographs. 

Tetramethylphosphonium pentaiododimercurate(i1). Method 1 gave deep-yeilow needles, m. p. 
172° (lit.44 m. p. 172°) (Found: C, 4-4; H, 1-2; Hg, 35-4. Calc. for CjH,,Hg,I;P: C, 4:3; H, 
1-1; Hg, 35-6%). . 

Bis(triphenylmethylarsonium) tetraiodomercurate(u). Method 1 gave cream plates, m. p. 
167° (Found: C, 34:3; H, 3-0; Hg, 14-5. C,,H,,As,HgI, requires C, 33-8; H, 2-7; Hg, 14-8%). 

Triphenylmethylarsonium tri-iodomercurate(11). Method 1 gave yellow needles, m. p. 139— 
139-5° (Found: C, 25-3; H, 2-0; Hg, 22-2. C,,H,,AsHgI, requires C, 25-3; H, 2:0; Hg, 
22-2%). 

Triphenylmethylarsonium pentaiododimercurate(). The preparation was attempted by 

® Barker and Porter, J., 1920, 117, 1303. 


10 McCleland and Wilson, /., 1932, 1263. 
1 Partheil and van Haaren, Arch. Pharm., 1900, 288, 41; Haszeldine and West, /., 1956, 3631. 
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method 1 and gave a glue-like product. Extraction with cold acetone gave mercuric iodide and 
the tri-iodo-derivative (m. p. and mixed m. p. 140°). 

Aqueous Decompositions.—(a) Tetraiodomercurate complexes. A sample’ of a complex was 
suspended in water and warmed (ca. 60°) until the cream colour of the solid had changed to the 
pale yellow of the tri-iodomercurate. The product was recrystallized from acetone-ethanol. 
X-Ray powder photographs were used to confirm the identity of the product. 

(i) Bis(tetramethylammonium) tetraiodomercurate(11) (0-183 g.) was heated with water (15 
ml.) for 10 min., giving the tri-iodomercurate complex (0-141 g.; 98%), m. p. and mixed m. p. 
244-5°. Iodide was detected in the filtrate. 

(ii) Dipyridinium tetraiodomercurate(m) (0-552 g.) was heated with water (25 ml.) for 15 
min., giving the tri-iodomercurate complex (0-385 g.), m. p. and mixed m. p. 149—150°. 
Evaporation of the filtrate to crystallization gave more tri-iodomercurate (0-064 g.; 78%), 
m. p. 150°, mixed m. p. 149—150°. 

(iii) Bis(tetramethylphosphonium) tetraiodomercurate(11) (0-171 g.) was heated with water 
(15 ml.) for 5 min., giving the tri-iodomercurate complex (0-128 g.; 99%), m. p. and mixed m. p. 
197-5°. Iodide was detected in the filtrate. In a similar experiment a suspension of tetra- 
iodomercurate complex was boiled in water until the colour of the solid had changed to bright 
yellow. The product was impure tetramethylphosphonium pentaiododimercurate(m). 

(iv) Bis(triphenylmethylarsonium) tetraiodomercurate(11) (0-191 g.) was boiled with water 
(20 ml.) for 20 min. giving the tri-iodomercurate (0-05 g.; 35%), m. p. 140°, mixed m. p. 139-5— 
140°. The low yield was presumably due to dissolution of some product in the aqueous iodide 
solution. 

(b) Tri-iodomercurate complexes. The method was similar to that used for tetraiodomercurate 
decompositions. The pale yellow complex was warmed until a bright yellow complex had 
formed. X-Ray powder photographs were used to confirm the identity of the product. 

(i) Tetramethylammonium tri-iodomercurate(11) (0-240 g.) was heated (ca. 80°) with water 
(30 ml.) for 10 min., yielding the pentaiododimercurate complex (0-193 g.; 95%), m. p. and 
mixed m. p. 187-5°. 

(ii) Pyridinium tri-iodomercurate(11) (1-324 g.) was heated as a suspension in water (30 ml.) 
(ca. 80°) until a melt began to form on the bottom of the vessel (15 min.)._ Pyridine was evolved 
during the reaction. On cooling, the melt solidified and some crystals were deposited from the 
solution. This crystalline material was separated from the solidified melt and was found to 
be the octaiodotrimercurate complex (0-553 g.), m. p. 101-5—102-5°, mixed m. p. 102°. The 
solidified melt (0-341 g.) consisted mainly of the octaiodotrimercurate complex, together with 
some mercuric iodide. The total yield was 75%. 

(iii) Tetramethylphosphonium tri-iodomercurate(11) (0-410 g.) was shaken with water (40 ml.) 
at room temperature for 1 hr.; the colour of the solid deepened. The suspension was then 
heated to ca. 80° and immediately cooled, giving impure pentaiododimercurate (0-365 g.; 68%). 
Complete degradation would provide 0-344 g. of product. The filtrate was quantitatively 
analysed for iodide and corresponded to 69% reaction. The solid was further degraded by 
boiling it with water for 5 min., and gave tetramethylphosphonium pentaiododimercurate(t1), 
m. p. and mixed m. p. 172°. The reaction could, however, be completed in one step. The tri- 
iodomercurate (0-122 g.) was degraded by heating it with boiling water for 5 min., yielding 
pentaiododimercurate (0-096 g.; 94%), m. p. 172—173°, mixed m. p. 171°. 

Attempted degradation of the tri-iodomercurate in the presence of added iodide. ‘Tetramethyl- 
phosphonium tri-iodomercurate(11) (0-229 g.) was heated with a solution of potassium iodide 

2-68 g.) in water (20 ml.) to ca. 80°; the suspended tri-iodomercurate then dissolved. On 
cooling, tetramethylphosphonium tetraiodomercurate(11) was obtained (0-058 g.; 38%), m. p. 
> 300°. 

(c) Other degradations attempted. (i) Triphenylmethylarsonium tri-iodomercurate(it) was 
unchanged after being heated with water at 80—100° for 35 min., and vigorously boiled for 
another 5 min.; it had m. p. and mixed m. p. 138-5—139°. This treatment was considerably 
more severe than that required to bring about decomposition of other tri-iodomercurates. 

(ii) Tetramethylphosphonium pentaiododimercurate(11) and pyridinium octaiodotrimer- 
curate(11) slowly decomposed to mercuric iodide when boiled with water, pyridine being detected 
by smell from the latter. 


Ultraviolet Absorption Spectra._—Yhese were determined with a Unicam 5.P. 500 spectrophoto- . 


meter, standard silica cells being used. A constant-temperature cell housing (S.P. 570) was 
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employed for determinations at 25° (Fig. 1, curves 1—3, 5; Fig. 2, curve 4). Other determin- 
ations were at room temperature (ca. 20°). 
Solvents were reagent grade, refluxed over, and distilled from, sodium hydroxide. 
Calculation of the Theoretical Spectra and Equilibrium Constants.—lf the absorption of 
methanol solutions of tetramethylphosphonium tri- and tetra-iodomercurates in the region 
2500—3200 A is due to the tri-iodomercurate ion and mercuric iodide, the optical density of 
either solution is given by the equation 


D = (e¢)ger,- + (€¢)aegr, * 


where Cygi,-, Cugi, are equilibrium concentrations. By initially assuming a value of eyg;,- at 
a particular wavelength, and using the experimental optical densities for solutions of the tri- 
and tetra-iodomercurate complexes and the independently obtained value of egg), for the same 
wavelength, the equilibrium composition of the solutions, the equilibrium constant for the 
reaction HgI, + I” == Hgl,” in methanol at 25°, and ey,,- were obtained by a converging 
series of continuous approximations. The process was repeated at other wavelengths. The 
calculated values of the equilibrium constant are very sensitive to small errors in the measured 
optical densities, whereas the calculated extinction coefficients are not. This accounts for the 
variation in 16 values of the equilibrium constant, from 6-1 to 8-5 x 10. The theoretical 
spectrum of the tri-iodomercurate ion in ethanol was similarly calculated by using the observed 
spectra of pyridinium tri- and tetra-iodomercurates and the reported spectrum for mercuric 
iodide in ethanol. Solutions were not maintained at a constant temperature for the measure- 
ment of these spectra, hence the equilibrium constants varied considerably. The values 
however were of the same order, viz. 105, as those obtained in methanol. No account has been 
taken of ion-pair formation. 

Magnetic Measurements.—These were carried out by Gouy’s method. 

Microanalyses.—These were carried out by the Commonwealth Scientific and Industrial 
Research Organization analytical laboratories (Melbourne). 


We are grateful to the Department of Geology, University of Adelaide, for the X-ray powder 
photographs, and to the C.S.I.R.O. and Australian Atomic Energy Commission for the award 
of Research Studentships (to G. B. D.). 


DEPARTMENT OF PHYSICAL AND INORGANIC CHEMISTRY, 
THE UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. [ Received, October 21st, 1960.) 


* The measured optical densities were suitably corrected for use in this equation which requires 
values for 1 cm. cells. 





768. The Distribution of Water and Butan-1-ol on Chromato- 
grams Made by the Ascending Technique. 


By E. C. Martin. 


It is shown that in ascending paper chromatography with butan-1-ol— 
water changes in composition of the solvent occur owing to volatisation and 
to absorption by the paper (particularly when swollen). 


LITTLE research has been done on the distribution of solvent and solute on paper chromato- 
grams since the work of Krulla? in 1909. Since then Gaye and Saini,? Wood and Strain,® 
and Takahashi * have measured the quantity of solvent as a function of height on chromato- 
grams made by ascending techniques. They have thus provided an overall picture of 
the distribution of a number of solvents. Fujita and Hiroshi5 have derived a mathematical 

1 Krulla, Z. phys. Chem., 1909, 66, 307. 

2 Gaye and Saini, Helv. Phys. Acta, 1929, 2, 445. 

3 Strain, J. Phys. Chem., 1953, 57, 638; Wood and Strain, Analyt. Chem., 1954, 26, 260. 

A 

5 


Takahashi, quoted in reference 5. 
5 Fujita and Hiroshi, J. Phys. Chem., 1952, 56, 625. 
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expression describing such distributions, using, with moderate success, Takahashi’s data 
to test it. 

None of these workers studied the separation of mixed solvents which occurs during 
chromatography. Horner and his co-workers ® did however study the separation of a 
butanol—water and a phenol—-water solvent mixture as shown by the variation in com- 
position of drops of solvent leaving the end of a descending chromatogram when compared 
with the original. They found a varying composition of solvent, lower in water content 
than the original, but increasing and eventually equalling that concentration. They 
concluded that the separation of the components occurred in the manner of Tiselius’s 
frontal analysis.’ 

Burma,® by calculations based on the adsorption isotherms of Urquhart and Williams,® 
showed that a distribution of butanol and water would occur on paper in a manner which, 
in essence, was the same as that found by Horner and his co-workers. 

The present paper is concerned with the distribution of water and butanol on chromato- 
grams made by the ascending technique of Williams and Kirby.!® Solvents of varying 
water content were used and the effects of this variation on distribution, solvent—-vapour 
equilibrium, and the swelling of the paper were studied. 


EXPERIMENTAL 


A “fast” paper, Schleicher and Schull No. 598, was used in all tests. The paper was cut 
into strips (8 x 20 cm.), the long side cut in the machine direction. 

The solvents were prepared by mixing commercial butan-l-ol and water, both freshly 
distilled. It was found that the composition varied over several days even when stored in 
bottles with well-fitting ground-glass stoppers. Consequently the solvents were checked before 
use by a density determination which was compared with known values."! 

The development jar, in which the chromatograms were made, was of glass, about 14 cm. 
in diameter and 30 cm. high. The edge had been ground flat and was closed with a glass plate 
through which a hooked glass rod, held by a rubber bung, protruded to support the paper. 
About 70 ml. of solvent was held in a 10 cm. Petri dish cover which rested on the bottom of 
the development jar. 

All chromatograms were made at 25° + 0-1°. The papers were dried at 110° and then 
humidified in the solvent vapour overnight, at 25°, in a jar similar to that described above. 
In order to saturate the atmosphere with the vapour of the solvent, some of the latter was 
placed in the bottom of the jar outside the Petri dish. Fresh solvent was poured into the 
dish immediately before each test. 

To perform the test, the humidified paper was transferred rapidly to the devel pment jar 
and lowered into the solvent to a depth of 1 cm., all within a few seconds. The solvent was 
allowed to rise 17 cm. during 80—90 min. The paper was then removed from the jar and 
cut rapidly into sections, 1—2 cm. wide. Each section was placed in a weighing bottle or a 
specially dried jar for determination of total solvent and of water. 

Cutting of the paper required 3—3-5 min., a little solvent probably being lost, but no correc- 
tion was made for this. 

The above method is essentially that used by Krulla.} 

For each solvent, of which there were 13 including replicates, two runs were made, one to 
determine the total solvent, the other to determine the water content. Total solvent was 
determined as loss at 110°; water was determined by the Karl Fischer technique !? modified 


6 Horner, Emrich, and Kirschner, Z. Electrochem., 1952, 56, 987. 

7 Tiselius, Arkiv Kemi, Min., Geol., No. 2, 1940, 14. 

§ Burma, Analyt. Chem., 1953, 25, 549. 

® Urquhart and Williams, J]. Textile Chem., 1924, 15, T138, T433, T550; 1925, 16, T155; 1926, 17, 


19 Williams and Kirby, Science, 1948, 107, 481. 
11 Martin, Analyt. Chim. Acta, 1959, 21, 588. 
12 “ The Determination of Water by the Karl Fischer Method,” British Standard Specification 2511: 
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to give a higher water equivalent than usual.!* The strips on which the water had been deter- 
mined were washed, dried, and weighed to give the water : paper ratio. 

Results.—Thirteen series were run covering the following range of solvents: 0-082, 0-150, 
0-166, 0-273, 0-278, 0-327, 0-343, 0-347, 0-362, 0-439, and 0-474 mole fraction of water (referred 
to below as m.f. H,O) in butan-l-ol; and two determinations were made on butan-1l-ol alone. 

As the distribution on the paper showed little variation between solvents of similar com- 
position, only six sets of results have been shown in Fig. 1. The curve for butan-1l-ol is the 
mean of the two replicates. Those for solvents of composition 0-082, 0-166, 0-273, 0-327, 
0-343, and 0-362 m.f. H,O have been omitted to avoid confusion. For the most part these 
curves fall in their expected places in relation to the others. 

The curves have been smoothed but it is worth noting that irregularities appear between 
the 5 cm. and 9 cm. heights for the solvents of lower.concentration. It is not known whether 


Chromatograms Made by the Ascending Technique. 


Fic. 1. The distribution of solvent on chrom- 
atograms at various heights above the level of 


: : Fic. 2. Lines A—E represent the distribution 
the solvent pool. Solvents A—E represent a —_ peared . 


of water for the solutions with 0-474, 0-439, 


0-474, 0-439, 0-347, 0-278, 0-150 mole fraction 
of water; and F anhydrous butan-l-ol. The 
vertical line X represents the liquid front. The 
horizontal lines beyond this represent the levels 
of solvent on the end strip of the chromatogram 
above the liquid front. The vertical axis is in 
terms of moles of cellobiose (324 g. of paper). 


0-347, 0-278 and 0-150 mole fraction of water 
respectively. Lines L and M refer to the butan- 
l-ol distribution for solutions with 0-474 and 
0-150 mole fraction of water. The line N refers 
to the distribution of anhydrous butanol. The 
vertical line X represents the liquid front of 
the chromatogram. 
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this is experimental error or whether it reflects some property of the paper which disappears 
with solvents of higher concentration. 

Fig. 2 shows only five of the curves for water distribution; the others, omitted for clarity, 
would fall in their appropriate places. The distribution of butanol for the lowest and the 
highest concentration, and for the anhydrous butanol series, is given for comparison 


DISCUSSION 


Distribution of Solvent.—The general form of the curves showing the distribution of 
solvent on the paper as a function of height follow the findings of Gaye and Saini, and 
Takahashi. An attempt to fit the butanol curve to Fujita and Hiroshi’s formula did not 
succeed. The curves showing the water distribution are interesting in that they show 
a marked increase in the water: paper ratio with high concentrations of water in the 

13 Bryson and Pickering, ]. Inst. Fuel, 1952, 25, 28. 

6N 
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solvent. At the same time the butanol: paper ratios also increase but not at the same 
rate. It seems that two things may happen: first, the paper absorbs water from the 
solvent to reach an equilibrium; secondly, the cellulose fibres and the paper swell con- 
siderably. Evidence of swelling is found when the quantity of total solvent imbibed by 
the paper at a particular height is compared with the volume of butanol occupying the 
same weight of paper at an equivalent height. The swelling is quite considerable where 
the water content is high. At low water concentrations (less than 0-3 m.f. H,O) the swelling 
appears to be linearly related to the water content of the solvent. Combined, these 
phenomena will affect the equilibrium between the solvent on the paper and the vapour 
in the development jar. 

Equilibrium between Solvent and Paper.—Randall and Weber ™ studied the vapour- 
pressure relation of water—butan-l-ol mixtures and showed that in the butanol-rich range 
a maximum solubility occurs at 30°; at about 0-52 mole fraction of water, the vapour 
pressures of the components were equal. Below 0-28 mole fraction the butanol had a 
higher vapour pressure and from 0-28 to 0-52 mole fraction water was the more volatile 
component. Thus the tendency is for the solvent to lose butanol by evaporation during 
chromatography. At concentrations less than 0-28 m.f. H,O this loss is because of its 
higher vapour pressure. At higher concentrations the loss is by the adsorption of water 
by the cellulose, thus reducing its effective concentration in the moving solvent. 

The figures given below for the gross composition of the solvent on the paper for two 
different solvents illustrate this point. With the more concentrated solvent, the gross 
composition exceeded the normal solubility of water in butanol to a significant extent and 
in both cases the ratio is higher than in the original solvent. 


Height (cm.): 1 3 5 7 9 
0-1560—0-166 m.f. H,O ..............000. 0-31 0-32 0-32 0-34 0-33 
PE ME NO <dedsinicvscesendinwosecien 0-64 0-62 0-58 0-53 0-53 


The height refers to the height above the solvent pool at which the sample was taken. 


Solvents of water concentration above 0-3 m.f. H,O showed the same trend as the 
higher of the series quoted. Those below 0-3 m.f. H,O maintained a fairly constant ratio 
up to a height of about 11 cm. All solvents showed an increase above this height and at 
the liquid front all gave values which lay between 0-45 and 0-56 m.f. H,O. However, the 
sample from which the latter figures were obtained had been exposed for a longer period 
during sampling and probably lost butanol more rapidly than water in the process. The 
results from solvents of lower concentration than 0-166 m.f. H,O showed the same trends 
as the others but were more erratic. 

Clearly, if the object of having a “ humidifying ’’ atmosphere in the container is to 
prevent loss of solvent from the paper during chromatography, the differential loss of 
solvent acts largely to nullify this aim. Further, the effect will vary depending on the 
volume of the container. It might be better to run the chromatogram in an atmosphere 
of the constituent most likely to be lost, in these cases butanol. This is particularly the 
case where the water is present in quantities larger than can be absorbed by the paper 
and thus leads to “ flooding ”’ of the chromatogram. 


” 


ScHOOL oF APPLIED CHEMISTRY, 
UNIVERSITY OF NEW SOUTH WALES, 
KENSINGTON, N.S.W., AUSTRALIA. [Received, November 21st, 1960.] 


™ Randall and Weber, J. Phys. Chem., 1940, 44, 917. 
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769. The Influence of Steric Factors on the Properties of 
4-Aminopyridine Derivatives. 


By J. M. Essery and K. ScHOoFIELD. 


The ultraviolet absorption spectra for the free bases and the monocations, 
the basic strengths at three temperatures, and (for the primary amines) the 
frequencies and intensities of the N-H stretching bands are reported for a 
series of 3-mono- and 3,5-di-substituted 4-dimethylamino-, 4-methylamino-, 
and 4-amino-pyridines. In all cases the ring-nitrogen was the basic centre. 

Changes in the intensities of the ultraviolet absorption bands of the 
3-monosubstituted tertiary and 3,5-disubstituted secondary amines are 
attributed to steric inhibition of resonance. No evidence for such inhibition 
in the 4-aminopyridines or the 3-monosubstituted 4-methylaminopyridines 
is provided by the ultraviolet absorption data. The infrared measurements 
suggest the absence of steric inhibition of resonance in the primary amines. 

The ionisation results are discussed in terms of steric inhibition of 
resonance, and of steric hindrance to solvation, and the base-weakening 
effect caused by 3,5-disubstitution in the 4-aminopyridines is attributed to 
the latter effect. 


THE presence of an amino-group in a nitrogen heteroaromatic system influences profoundly 
the properties of that system. The mutual mesomeric interactions of a nuclear nitrogen 
atom and the nitrogen atom of an amino-group properly sited with respect to each other, 
have important consequences for both. The basic strength of the nuclear nitrogen atom, 
which is almost always the basic centre,)*3 is markedly augmented, and the infrared 
characteristics of the amino-group are modified.*-#5 

Apparent exceptions to this statement are compounds such as 4-aminoacridine, 5- 
aminoquinoline, and 8-aminoisoquinoline.**® Thus, in these compounds the amino- 
group has very little augmenting influence on the basic stength of the nuclear nitrogen 
atom, and, in the other direction, the nuclear nitrogen atom has but little effect on the 
N-H stretching force constant of the amino-group. 

Three explanations seem to be possible for these anomalous properties of peri-amines. 
First, it might be argued in terms of resonance theory that the structures contributing to 
the resonance hybrid which imply interaction between the two nitrogen atoms are ortho- 
quinonoid forms [e.g., (I) in the case of 5-aminoquinoline], and for that reason unimportant. 
Secondly, the facts might be attributed to steric inhibition of resonance caused by non- 
bonding interaction between the amino-group and the feri-situated C-H group. Thirdly, 
steric hindrance to solvation might be the cause of the anomalies. The first possibility 
cannot be accepted until the second and third, which are amenable to experiment, have 
been tested. 

* NH, NMe, NHMe NH, 


C) R’ CO) R’ 1 R’ 
R& dR R& IR R& | R 
N N N 


(II) (IIT) (IV), 





Models indicate that in primary amines steric inhibition of resonance will be slight, if it 
exists at all, and the question of the existence of the effect is much in dispute. Dipole- 
moment studies on amines of the benzene series are interpreted as indicating a slight degree 


1 Craig and Short, J., 1945, 419. 

* Albert, Goldacre, and Phillips, J., 1948, 2240. 

% Osborn, Schofield, and Short, J., 1956, 4191; Schofield, /., 1958, 1312. 
4 Short, J., 1952, 4584. 

5 Mason, /., 1958, 3619; 1959, 1281. 

* Elliott and Mason, /., 1959, 2352. 
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of steric inhibition of resonance.’ Elliott and Mason,® from measurements of frequencies 
and intensities of N-H stretching vibrations in meso- and feri-amines of polynuclear 
aromatic systems, also argued for the existence of the effect. On the other hand, Wepster,® 
on the basis of ultraviolet and refractivity studies, has argued against the presence of 
appreciable resonance inhibition in primary aromatic amines. Kreuger and Thompson,” 
in infrared studies of ortho-substituted anilines, noted that both internal hydrogen bonding 
and steric hindrance might be involved, and that the simultaneous operation of several 
factors is complicated. 

Steric hindrance to solvation accounts for the influence of ortho-substituents upon the 
basic strengths of primary and tertiary anilines.* These examples differ from the hetero- 
cyclic amines being discussed here, for in the anilines it is the basic centre itself which is 
being subjected to changing steric environments, whereas with the amino-azines the basic 
centre is remote from steric disturbance. Neverthless, resonance in the heterocyclic 
cations must distribute the positive charge between both nitrogen atoms, and solvation 
changes at either might be important. However, it is difficult to see that the infrared 
data relating to the heterocyclic amines can be explained in terms of solvation. 

These considerations led us to a more general investigation of the influence of steric 
factors upon the properties of amino-azines. In this paper we report experiments on the 
three series of compounds (II; R = R’ = H, R” = H, Br, Me, Et, or Pr'; R= H, R’ = 
R” = Me), (III; R= R’ =H, R” = H, Br, Me, Et, or Pr'; R=H, R’ = R” = Me; 
R = R’ = R” = Me), and (IV; R = R’ = H, R” = H, Br, Me, Et, or Pri; R= H, R’ = 
R” = Me; R=R’=R"=Me). The preparation of these compounds has been 
described." We have examined the ultraviolet absorption spectra of these bases and 
their monocations, the infrared characteristics of the amino-group in the free bases, and 
the ionisation constants of the bases. 


DISCUSSION 


Ultraviolet data are collected in Table 1, and illustrated in Figs. 1—4. Before these 
are discussed in the special context of the three classes of amine, some brief general 
remarks are appropriate. Included in Table 1 with the data for 4-dimethylaminopyridines 
are those for the parent 4-unsubstituted compounds. These agree fairly satisfactorily 
with earlier results for the alkylpyridines,!* showing that the wavelength of maximum 
absorption is hardly affected by protonation, whilst intensity of absorption is gréatly 
increased. Cationisation of 4-aminopyridine produces a bathochromic shift of the 
absorption maximum, instead of leaving it stationary as reported by Steck and Ewing.” 
This is a general feature for all of the amines (II), (III), and (IV). In every case the ring- 
nitrogen atom is the basic centre. 

The absorption bands due to z->n* transitions in monocyclic amino-azines have been 
discussed by Mason * in terms of a benzyl anion model. The main high-intensity band in 
4-aminopyridine is assigned to a transition of energy 


E = 1-268 + 0-413Aa, — 0-172Aay. 


Aa, and Aay are the increments in the Coylomb integrals of the exocyclic substituent, in 
this case the amino-group, and of the nuclear nitrogen atom. Since Aayg+ > Aay the 
bathochromic shift produced by cationisation of the base is understandable. As the 


? Birtles and Hampson, /J., 1937, 10; Ingham and Hampson, /J., 1939, 981; Smith, J., 1953, 109; 
Smith in “‘ Steric Effects in Conjugated Systems,” ed. by Gray, Butterworths, London, 1958. 

8 Elliott and Mason, J., 1959, 1275. 

® Wepster, Rec. Trav. chim., 1957, 76, 357. 

10 Kreuger and Thompson, Proc. Roy. Soc., 1957, A, 248, 143. 

11 Essery and Schofield, J., 1960, 4953. 

#2 Herington, Discuss. Faraday Soc., 1950, 9, 26; Andon, Cox, and Herington, Trans. Faraday Soc., 
1954, 50, 918. 

18 Steck and Ewing, J. Amer. Chem. Soc., 1948, 70, 3397. 

14 Mason, J., 1960, 219. 
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Fic. 1. Ultraviolet absorption spectra of 4-di- 
methylaminopyridines (neutral molecules). (1) 
4-Dimethylaminopyridine. (2) 4-Dimethyl- w 
amino-3-methylpyridine. (3) 4-Dimethyl- % 
amino-3-ethylpyridine. (4) 4-Dimethylamino- o 
3-isopropylpyridine. (5) 4-Dimethylamino- 
3,5-dimethylpyridine. (6) 3-Bromo-4-di- 
methylaminopyridine. 
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Fic. 2. Ultraviolet absorption spectra of 
4 - dimethylaminopyridine (cations). 
Numbering as in Fic. 1. 
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Fic. 3. Ultraviolet absorption spectra of 4-methyl- 
aminopyridines (neutral molecules). (1) 4-Methyl- 
aminopyridine. (2) 3,5-Dimethyl-4-methylamino- Fic. 4. Ultraviolet absorption spectra of 4-amino- 

















pyridine. (3) 2,3,5,6-Tetramethyl-4-methylamino- pyridines (neutral molecules). (1) 4-Amino- 
pyridine. pyridine. (2) 4-Amino-2,3,5,6-tetramethylpyr- 
tdine. (3) 4-Amino-3,5-dimethylpyridine. 
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exocyclic substituent is changed from amino, through methylamino, to dimethylamino the 
value of Au, decreases, and the wavelength of maximum absorption would be expected to 
increase in this sequence. This is observed (Table 1). Twisting of the exocyclic amino- 
group will decrease the probability of the above transition, so that steric inhibition of 
resonance in these amines should produce a decrease in intensity of the absorption band 
due to the x>7x* transition. 

1. The Tertiary Amines.—The x->n* transition in the 4-dimethylaminopyridines gives 
rise to a high-intensity band at about 260 my. Introduction of 3-substituents causes a 




















~ rh FR wee 


TABLE 1. Ultraviolet absorption data for pyridines, 4-amino-, 4-methyl- 
amino- and 4-dimethylamino-pyridines in aqueous solution. 
4-Substituent: HF (i.e., none) 
Base Cation 
Substituent a (my) ¥ € . 5 (my) = Py 
3 257 2920 256 5630 
Sa eae 262 3360 262 9650 
Jae 262 3060 262 5350 
SG? |. Senudipcsncngetens 262 1980 263-5 3860 
1 Serr eeeerens 267 3600 267 5680 
SPM cudubscavachensanasas 268 2630 279 9500 
4-Substituent: NH, 
Base Cation 
Substituent han (my) a Di ae (my) € 
TE snencaienavenaiexenes 243 11,800 0-250 262 18,900 
DEEN capuseawedbincergeess 267 9160 0-211 270-5 11,100 
BPG. wsucvnidduseestecs 242 9880 0-228 265 16,000 
EEE 244 9560 0-201 265 17,200 
i . <inentesnkoibnwins 244 10,200 0-234 267 16,300 
PREP donsnnecnbenaes 242 9100 0-198 267 15,100 
2,3,5,6-Mieg ..0cccccese: 243 7820 0-176 265 14,300 
4-Substituent: NHMe 
Base Cation 
’ on ——_ 4 ¢ “ —) 
Substituent Amax. (Mp) € f Amax. (My) € 
BPE savetesendraccseaens 253 16,000 0-321 271-5 17,200 
SE sh ccétesoetesssneeves 254 13,000 0-286 279 15,800 
BPE. savccansevercesien 253 14,900 0-319 274 18,000 
ae 255 14,600 0-290 274 17,700 
Se rdiuituivescaecanes 255 15,500 0-270 275 17,100 
ener 258 8220 0-174 284 15,500 
APE ecccsesesces 257 8050 0-218 280-5 15,000 
4-Substitueni: 4-NMe, 
Base Cation 
_ ——_—_ — —os : —_—_—_—_—_ 
Substituent Amax. (my) € f 6 Amax. (my) € 0 
WE nutotacesasnuneansecs 261 18,300 0-343 (0) 280-5 19,600 (0) 
SUE. websaeceesenkances 263 7240 0-163 46° 295 16,200 34° 
SE Sukbesaeibbaccekinnes 264-5 6960 0-158 47 296 15,900 36 
MEE sinussndcnasbadeens 265 4570 4-102 57 298 13,600 46 
TE. ‘scvlonpumiedins 272 * 3920 0-064 64 322 11,400 54 
PPE saneveisiesnentcnxied 269-5 7880 -- — 301-5 11,000 — 


Values of ¢ are in cm.? mole“, and of f are in cm. mole". 


* Data for the shorter-wavelength peak: see text and Fig. 1. 


re OO e€ >s S — 


marked and progressive decrease in the intensity of this band, recalling similar changes in 
the dimethylaniline series.*116 With decreasing intensity, the long-wavelength band 
loses symmetry until with 4-dimethylamino-3,5-dimethylpyridine resolution into two 


— 





15 Remington, J. Amer. Chem. Soc., 1945, 67, 1838. 
16 Klevens and Platt, J]. Amer. Chem. Soc., 1949, 71, 1714. 
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overlapping bands occurs. With the point of overlap of these two bands (v = 35,400 cm.*) 
as the upper limit, and the appropriate minimum as the lower limit, the oscillator strengths 
jhave been calculated and are givenin Table 1. From the oscillator strengths the apparent 
“ effective angles of twist,’’ 0, of the dimethylamino-group out of the plane of the pyridine 
ring were calculated from the relation 1* cos? 6 = f/f,. These angles have only illustrative 
significance, for they make no allowance for the effect upon the intensity of the band of the 
hindering substituents. The data point to a sequence of increasing steric effectiveness, 
H < 3-Me < 3-Et < 3-Pr! < 3,5-Me,, in agreement with that reported by Wepster ® for 
ortho-substituted dimethylanilines. The effect of a 3-methyl group is shown by the emax. 
values to be greater than that of a 3-bromo-substituent. The oscillator strength of the 
high-intensity band of 3-bromo-4-dimethylaminopyridine is not included in Table 1 since 
the above-mentioned upper limit was not appropriate in this case. If, however, the upper 
wavelength limit for all the curves is set at v = 33,000 cm.* the oscillator strength for the 
bromo-compound (0-191) lies between that of 4-dimethylamino-3-methylpyridine (0-179) 
and 4-dimethylaminopyridine (0-367). This result is to be expected from the van der Waals 
radii of the bromine atom and the methy] group,” and is in line with the results of Klevens 
and Platt 16 for dimethylanilines. 

Whilst the introduction of 3-substituents into the amines (II) causes very little change 
in Amax, in the derived cations Amax, increases with increasing bulk of the 3-substituent. 
This shift and the attendant fall in intensity are illustrated in Fig. 2. The decrease in 
intensity is not as marked for the cations as for the free bases, as is shown by the “‘ angle of 
twist ’’ (values of 6 for the cations were calculated from the relation 1*-!® cos? @ = e/eg, for, 
because of the wavelength shifts, comparable limits for the absorption bands were not 
available). Whilst delocalisation of electrons is undoubtedly important in the base (II), 
as indicated in structure (V), it is even more important in the cation (VI), and in the cation 
the localising effect of a sterically hindering group at C,,) will be more strongly resisted. 


rel 0 oe o 


(VI) 


Further demonstration of the operation of steric inhibition of resonance is found in the 
ionisation constants of the bases (II). In Table 2 are recorded the thermodynamic values 
of pK, at 20° for these amines and their parent 3-substituted pyridines, and the corre- 
sponding values of AG, AH, and TAS. The source of these pK, values is explained in 
the Experimental section. 

Comments on the results for the 3-substituted pyridines are appropriate, before the 
4-dimethylaminopyridines are discussed. The introduetion of an alkyl group or bromine 
atom into the pyridine ring causes respectively an increase and a decrease in AG, as would 
be expected from the opposite inductive effects of these substituents. The AH values 
roughly parallel those for AG, showing that internal electronic effects are mainly responsible 
for the changes in basic strength (Mortimer and Laidler *4 call them polar effects). No 
trend is observable in the entropy factors, which do not differ significantly amongst them- 
selves. The relative importance of AH and TAS in affecting the value of AG may be seen 
by comparing each substituted compound with pyridine itself. Clearly the substituents 

17 Pauling, ‘“‘ The Nature of the Chemical Bond,’ 3rd edn., Cornell University Press, New York, 
ar Braude, Experientia, 1955, 11, 457. 

19 Wepster, Rec. Trav. chim., 1957, 76, 335. 
© ‘Wepster, “‘ Progress in Stereochemistry,”’ Vol. II, p. 99, ed. by Klyne and de la Mare, Butterworths, 


London, 1958. 
41 Mortimer and Laidler, Trans. Faraday Soc., 1959, 55, 1731. 
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TABLE 2. The tontsation of pyridines, 4-dimethylamino-, 4-amino-, and 
4-methylamino-pyridines in aqueous solution at 20°. 
4-Substituent: H (i.e., none) 





Substituent pk, AG AH —TAS ApkK, 
Stl cmacubadthipmgesauminesesnte 5-27 7-07 + 0-24 4:37 + 0-17 2:70 + 0-17 _ 
EOE -sisuadddanexacseecdssceceeon 5-79 7-76 + 0-47 4-64 + 0-33 3°12 + 0-32 0-52 
NEE iiniatiinmcnnceisiesicwtnasenns 5-80 7-77 + 0-38 5-30 + 0-27 2-47 + 0:27 0-53 
EEE . nptantiatadandanducanimakeiio 5-88 7-89 + 0-05 5-57 + 0-03 2-32 + 0-03 0-61 
CEMPES nskvoterivecstorseserdes 6-23 8-35 + 0-81 5:29 + 0-57 3-06 + 0-57 0-96 
ithe dcsumaxenipnibipbentines 2-91 3-91 + 0-16 1-85 + 0-11 2-06 + 0-11 — 2-36 
IM, cxcensansatacecsepres 7-88 10-57 -+ 0-48 8-08 + 0-40 2-49 + 0-40 2-61 

4-Substituent: NH, 
| RE nn ne eee 9-29 12-45 + 0-11 10-88 + 0-08 1-57 + 0-08 4:02 
REE cidnieiduesamameuberiuminn 9-43 12-64 + 0-57 11-66 + 0-40 0-98 + 0-57 3°64 
Sil dis chaussnaniani/seodenaaens 9-51 5+0-49 10-89 + 0-34 1-86 + 0-35 3-71 
MEE) whecansenepbtrasesuansndnks 9-54 12-79 + + 0-02 11-28 + 0-01 1-51 + 0-01 3-66 
DL) caicnvtsenserebenenecenes 9-54 12-79 + 0-23 10-48 + 0-16 2-31 + 0-16 3°21 
Py sic perennernaiinancin 10-58 14:19 + 0-34 10-35 + 0-24 3°84 + 0-24 2-70 
PARES ROR CEASE REE PDE SPE 7-04 9-44 + 0-23 7-69 + 0-16 1-75 + 0-16 4:13 
4-Substituent: NHMe 
SE AdiunGinasiuustianedinmaied 9-66 12-96 + 0-43 11-02 + 0-30 1:94 + 0-30 4-39 
BED  ‘sousscetiasniwiuooansesesal 9-83 13-18 -+ 0:33 10-87 + 0-23 2-31 + 0-23 4-04 
STE chathedsisnntnceagnecsinkanee 9-90 13-27 + 0-19 11-54 + 0-14 1:73 + 0-14 4:10 
SUIT: shtannkantedennicunentevies 9-96 13-36 + 0-58 11-93 + 0-41 1-43 + 0-41 4-08 
MEINE dcrnindocsebennguouewnus 9-43 12-65 + 0-91 12-06 + 0-64 0-59 + 0-64 3-20 
PP cocisasdcecsvecsesees 10-06 13-49 + 0-19 9-95 + 0-14 3-54 + 0-14 2-18 
SE Ne kdinsanndsdscdccacmiccieneres 7-47 10-02 + 0-49 9-01 + 0-35 1-01 + 0-35 4:56 
4-Substituent: NMe, 

BE a danlatosimeaeiamitabuuebes 9-71 13-01 + 0-43 10-75 + 0-31 2-26 + 0-31 4-44 
SPUD: ~ ‘nequnaceedsansunseaueereses 8-68 11-64 + 0-27 9-02 + 0-19 2-62 + 0-19 2-89 
SEE picunkicktgumaaniaveainasdnes 8-66 11-62 + 0-53 9-15 + 0-38 2-47 - 0-38 2-86 
TELS | inagiiiiaibeniiindicchsmanians 8-27 11-09 + 0-38 8-76 + 0-27 2:33 + 0-27 2-39 
APE sndcevicsdcneeseaseunnns 8-15 10-93 = 1-00 9-83 + 0-71 1:10 + 0-71 1-92 
SEINE cisdhedintehtadadabuedaundesiad 6-52 8-75 + 0-14 6-36 + 0-13 2:39 + 0-14 3°61 


AG, AH, and TAS are in kcal. mole"; thay are recorded with their aueiienl errors. 


produce their effects mainly by changing AH. This is to be expected if internal electronic 
factors play the dominant réle and if solvation changes are unimportant. The same 
conclusion was reached by Mortimer and Laidler.*4 

The effects of methyl groups upon AG, as seen in the cases of 3-methyl- and 3,5-di- 
methyl-pyridine, are nearly additive. Additivity was observed by Brown and Mihm ” in 
pK, values for pyridine, «-picoline, and 2,6- lutidine. They considered this result to 
indicate an absence of significant steric effects relating either to the addition of a proton or 
to solvation of the 2,6-lutidinium ion. The data of Mortimer and Laidler *4 for 2,6-lutidine 
show, however, that the near-additivity in AG is not preserved in AH. They concluded 
that the 2,6-lutidinium ion had a high entropy because of steric hindrance to solvation 
round the *N-H bond. This effect is not revealed in AG (1.e., in pK,), because it produces 
compensating changes in AH and TAS. 

From these considerations it might have been expected that a similar situation would 
have been found with 2,3,5,6-tetramethylpyridine. However, the results (Table 2) show 
that the high value of AG for this compound is principally due to the increase in AH caused 
by the introduction of four methyl groups. The entropy factor seems to be normal. It is 
possible that in this case the expected high entropy of the cation is balanced by high 
entropy in the neutral molecule, caused by its high “ paraffinic’ character due to the 
conglomeration of methyl groups. 

Turning to the 4-dimethylaminopyridines we see (Table 2) that the 3-substituents, Br, 
Me, Et, Pr’, and 3,5-Me,, render the dimethylamino-group progressively less effective as a 


22 Brown and Mihm, J. Amer. Chem. Soc., 1955, 77, 1723. 
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base-strengthening factor, and in that order. This is the same order as that already 
mentioned in discussing the ultraviolet absorption data. The progressive fall in ApK, 
(i.e., in the change in AG) is paralleled by a fall in the change in AH, as between each 
succeeding member of the series and 4-dimethylaminopyridine itself; and this fact, coupled 
with the demonstration that TAS does not change significantly throughout the series, 
fully justifies the attribution of the effect to steric inhibition of resonance. Although the 
TAS value for 4-dimethylamino-3,5-dimethylpyridine appears to be appreciably more 
positive than the values for the other 3-alkyl compounds, and consequently causes the 
change in TAS to appear to play a more important part in this instance in determining 
the change in AG, it is not in fact significantly different statistically * from the other 
TAS values so far as can be ascertained from our results. 


Fic. 5. Relation between absorption intensity and 
basic strength for 4-dimethylaminopyridines. 


° 

















O35 fr ! 
Fic. 6. Relation between ApK, and “‘ cos? 6"’ for 
030+ 415 4-dimethylaminopyridines. 
5 — 
O-25- 4b 1 
. L , O . 23 
0-20 lo 0 3 3e0_005 
ft ww ” 4 
m a yal 77 
tb 
0:10 4 
ie) 1 1 1 iN j 
O-2 0-4 0:6 0:8 tO 
ous tf, or €/E, 
Oo oO o----fifp. O---—-—E€/e. Numbering as in Fie. 1. 
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o----f. ©----€mx. Numbering as in 
Fic. 1. 


Overall, then, our data reveal no appreciable difference in solvation effects in the series 
of tertiary amines, and changes in basic strength are determined by the internal steric 
inhibition of resonance. This is reasonable, for in these tertiary amines the main problem 
of solvation must relate to the nuclear nitrogen atom, and this is remote from the hindering 
substituents. 

Linear relations emerge from the data for 4-dimethylaminopyridines between f and 
pK,, and between f and ApK,, and between f/f, and ApK, (two of these relations are 
illustrated in Fig. 5 and 6). In the illustrated cases the corresponding values of emax, and 
Emax./€9, max. have also been plotted, but the oscillator strength gives better correlations. 
Wepster ?® observed a linear relation between em,x, and ApK, for hindered derivatives of 
p-nitroaniline. In this system ApK, is determined almost exclusively by the fara-inter- 
action energy in the nitroamine (see VII), and it was concluded that ema. was proportional 
to the corresponding resonance energy. With the f-nitroanilines the physical significance 
of the linear relation is fairly clear, for the para-interaction gives rise to strong absorption 

* The mean value of 7 AS for the five members of the series, excluding 4-dimethylamino-3,5-dimethyl- 
pyridine, is 2-41 + 0-12 units. The difference between this and the value for the 3,5-dimethyl compound 
(1:10 + 0-71) is 1-31 + 0-72 units, which is not statistically significant at the 5% level, when a 
t-distribution with four degrees of freedom is used.** 


23 Topping, ‘‘ Errors of Observation and Their Treatment,”’ The Institute of Physics, London, 1955. 
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at about 380 my, in which region absorption by the alkylbenzenes and alkylanilines is 
negligible. This is not the situation with the tertiary pyridine amines. 

More interesting are the results of applying the Hammett equation to the data 
of Table 2. Use of the equation (ApK, = es) in the pyridine series leads to the relation 


“O.+ 07 Me. + Me 
(VII) iC) O (VIII) 
*NH, R~ 


shown in Fig. 7. Since resonance effects are one of the main causes of failure of 
the Hammett equation,™ substituents used in constructing Fig. 7 were so chosen that 
resonance effects should be minimal. The sources of the basic strengths are given in 
footnotes to Fig. 7. The o values are as given by Jaffé, and the basic strengths are 


-4°r 
-3}+ 






Fic. 7. Hammett plot of ApK, against 
o for monosubstituted pyridines. 





1 1 1 1 


12) 0-2 0-4 0-6 





taken from this paper, from Brown and Mihm,” from Jaffé and Doak,** and from Brown 
and McDaniel.* The slope of the regression line, (p = 5-735), the standard deviation from 
the line (s = 0-181), and the correlation coefficient (ry = 0-995) are in good agreement 
with those obtained by Jaffé and Doak ** using rather more extensive data. Jaffé* 
discussed the dependence of ¢ for electron-releasing groups such as /-dimethylamino on 
the nature of the reactive centre. The different o values obtained for this group appear 
to depend on the relative importance of resonance structures (VIII), and Jaffé gives values 
ranging from s = —0-425 (R = NH,, SiHR,, Br) to s = —0-972 (R = CHO). The more 
negative o, the more important must be the contribution of structures such as (VIII). For 
the unhindered 4-dimethylamino-group the present work yields the value s = —0-761, 
illustrating the great importance of resonance of the kind represented by (V) or (VJ), in 
the aminopyridine series. The more important the fara-interaction the more strongly 
should twisting of the amino-group be resisted. Wepster 2’ has observed that the ‘‘ mean 
angle of twist,” from spectroscopic measurements, is smaller in /-aminonitrobenzenes than 
in similarly substituted nitrobenzenes, and attributed this to fara-interaction between 
the functional groups. The angles of twist for the 4-dimethylaminopyridines would be 
expected to be smaller than those for the corresponding dimethylanilines. They are in fact 
slightly smaller than those recorded by Wepster.® 
en Taft, in ‘‘ Steric Effects in Organic Chemistry,”” ed. by Newman, Wiley and Sons, Inc., New York, 

% Jafié, Chem. Rev., 1953, 58, 191. 

%6 Jaffé and Doak, J. Amer. Chem. Soc., 1955, '77, 4441. 

2¢¢ Brown and McDaniel, J. Amer. Chem. Soc., 1955, 77, 3752. 


27 Wepster in “‘ Progress in Stereochemistry,” Vol. II, ed. by Klyne and de la Mare, Butterworths, 
London, 1958. 
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Taft * defined the fractional steric inhibition of resonance by the expression 
(sg° — og)/oR°, where og and og° represent the resonance contributions to the « constants 
in the hindered and the unhindered compound respectively. The observed o value is 
made up of the resonance contribution og and the inductive contribution o;, and when 
resonance is completely inhibited cs = o,. From the Hammett plot (Fig. 7) and the pK, 
data in Table 2, the substituent constants for the dimethylamino-group were obtained by 
using the line of slope r*/p to calculate the new constants.2* The o values in Table 3, 
which have been corrected for the effect of the hindering alkyl group, represent the 
substituent constants for the 4-dimethylamino-group as it is subjected to an increasing 
degree of resonance inhibition. As is already clear, even in 4-dimethylamino-3,5-dimethyl- 
pyridine resonance is far from completely inhibited; for if it were, « would be equal to o;, 
and that, for a dimethylamino-group, should be positive. 

Taft 2 assumed that the value o, = +0-10, found for the amino-group from nuclear 
magnetic resonance studies,” was applicable to the dimethylamino-group. By accepting 
this as a reasonable value, the fractional steric inhibition of resonance for the 4-dimethyl- 
amino-group in the pyridine derivatives has been calculated (Table 3). Its value for 


TABLE 3. Fractional steric inhibition of resonance in 4-dimethylaminopyridines. 


Substituent o (opn° — op)/oR® 
EE Achitntnninkbnts bulcainiiaibulitealinisuedbsbideiis —0-761 0-0 
RE Se peri eae Acre) enn v wees —0-611 0-17 
DEEL: ‘aiindchoitsadmenndnbiininitedaiesnbekeanaseandanes —0-517 0-28 
SEE: Siri penkeceubetemieamanentedtminnbebensibieis — 0-540 0:26 
DUE -<cabatahasiensncemaiatimcaabeabtaoanlinbesnibaiiie — 0-406 0-41 
TEPER cindseecnssoatntbindciavennaienwbdtuieuabeth — 0-355 0-47 


4-dimethylamino-3,5-dimethylpyridine (0-47) is much smaller than that (0-75) calculated 
by Taft for ethyl 4-dimethylamino-3,5-dimethylbenzoate. This and the o value 
(—0-761), compared with —0-642 for the p-dimethylamino-group interacting with an 
ethoxycarbonyl group, stress the very great importance of fara-interaction in the 4-di- 
methylaminopyridines. 

If the value o; = +0-10 is adopted for the completely resonance-inhibited dimethy]- 
amino-group it follows from Fig. 7 that such a substituent at C,) in pyridine would weaken 
the base by 0-63 unit of pK,. Accordingly, if in 4-dimethylaminopyridine the inductive 
effect of the substituent were not operating, ApK, for this compound would become 
4-44 +. 0-63 = 5-07: units. The quantity RTApK, = 6-8 kcal./mole then provides a 
rough measure of the increase in resonance energy brought about in cationising 4-dimethyl- 
aminopyridine, and due mainly to resonance of the type represented in (V) and (VI). 

Comparisons of the protonation of 4-dimethylaminopyridine with other reactions are 
possible by using Taft’s expression ApK, = pc + #. In applying this equation, Taft 
assumed that in ethyl 4-dimethylamino-3,5-dimethylbenzoate steric inhibition of resonance 
was complete, and so obtained from saponification rate data a crude inductive substituent 


TABLE 4. Taft's quantity . 


Reaction % (log units) 
1. Saponification of ethyl p-dimethylaminobenzoate in 87-03% aqueous ethanol at 30°... —1-78 
2. Saponification of ethyl 4-dimethylamino-3-methylbenzoate ..............cccseeeeeeeeeeeeees —0-85 
S. Demaicity OF S-Cimast MOEN GETS nc. cocessccvcccsccsccserccencsscovcccoocsscnescese —5-01 


constant for the dimethylamino-group of —0-11. We have adopted instead the value 
s, = +0-10 and have calculated y% for the 4-dimethylaminopyridines and recalculated it 
for two of the reactions quoted by Taft. The values are given in Table 4. The value of 
% for reaction (3) again demonstrates the large interaction between exocyclic and ring 


8 Taft, J. Chem. Phys., 1957, 27, 1427. 
2° Taft, J. Amer. Chem. Soc., 1957, 79, 1045. 
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nitrogen atom in 4-dimethylaminopyridine. A similar conclusion can be reached for the 
amino- and methylamino-pyridines. 

2. The Secondary Amines.—The high-intensity absorption band in the-spectra of the 
4-methylaminopyridines occurs at 253—258 my (Table 1 and Fig. 3). The data given 
include the oscillator strengths measured between the absorption minimum and v = 
34,000 cm... The changes in emax, and f for the 3-monosubstituted compounds are small, 
and show no significant trend, thus recalling the N-methylanilines.? Resonance inhibition 
appears to be absent, for the conformational reasons discussed by Wepster.® With the 
3,5-disubstituted compounds, however, the sharp decrease in absorption intensity (Fig. 3) 
clearly indicates resonance inhibition. Whilst emx shows the effect to be greater in 
4-methylamino-2,3,5,6-tetramethyl- than in 3,5-dimethyl-4-methylamino-pyridine, the 
values of f would lead to the opposite conclusion. The latter result must be attributed to 
the intrinsic effect upon f of the hindering groups themselves. As in the case of the tertiary 
bases, the results suggest that the degree of resonance inhibition in the cations is smaller 
than in the free bases. 

The ionisation data (Table 2) for the 4-methylaminopyridines show that introduction 
of a 3-alkyl substituent causes a decrease in ApK,, in comparison with the non-substituted 
case, whilst the electron-attracting bromine atom causes an increase in ApK,. This effect 
is also observed for the 4-aminopyridines. That pK, increases as the 3-substituent varies, 
in the order H < Me < Et < Pr’, whilst ApK, shows no trend, indicates the absence of 
resonance inhibition. The sudden fall in ApK, when the series reaches 3,5-dimethyl-4- 
methylaminopyridine suggests the onset of resonance suppression. However, ApK, for 
2,3,5,6-tetramethyl-4-methylaminopyridine is smaller than would be expected if the 
base-weakening is caused only by additional damping of the resonance over that in the 
3,5-dimethyl compound, due to the “ ortho-xylene ” or “ buttressing ”’ effect. 

The thermodynamic data show that in the 3-monosubstituted compounds the increase 
in AG (i.e., in pK,) above that of the corresponding pyridine derivative is due mainly to 
increase in AH. With the tetramethyl compound, however, the entropy factor contributes 
almost as strongly as the enthalpy factor to the increase in AG. This is readily under- 
stood from a consideration of the solvation shell around the molecule of 2,3,5,6-tetramethy]l- 
4-methylaminopyridine. In these secondary amines orientation of the solvent molecules 
can occur around N,q) and round the exocyclic group, which has a hydrogen atom available 
for hydrogen bonding. In 4-methylaminopyridine, then, there will be a well-orientated 
sheath of solvent molecules, and the entropy of the system will be relatively low. Four 
methyl groups substituted into the nucleus must disrupt the solvent shell at both ends of 
the molecule. Since the orientation effect will be stronger in the cation than in the free 
base, the disruption will be of greater importance, so that the entropy of the cation should 
be greater than that of 4-methylaminopyridinium. Thus, TAS should be more negative 
for the tetramethyl compound. The value observed (—3-54 + 0-14 units; Table 2) is 
significantly different from the mean value (—1-68 + 0-13 units) for the four 3-monoalkyl 
compounds and the 3-bromo-compound (see footnote to p. 3945). The very low value for 
ApK, for 2,3,5,6-tetramethyl-4-methylaminopyridine can therefore be attributed partly to 
steric inhibition of resonance, and partly to steric hindrance to solvation. A similar effect 
might have been expected, only to a smaller extent, with 3,5-dimethyl-4-methylamino- 
pyridine. This is, however, not revealed by the results in Table 2. 

The data point, then, to the absence of significant resonance inhibition in the 3-mono- 
substituted 4-methylaminopyridines. Resonance inhibition is present in the 3,5-di- 
methyl compound, possibly accompanied by a solvation effect, and with the 2,3,5,6-tetra- 
methyl compound both steric inhibition of resonance and steric hindrance to solvation 
are active. 

3. The Primary Amines.—Here the long-wavelength maximum occurs at about 243 mu 
(Table 1 and Fig. 4). The oscillator strengths for this peak were measured between the 

3° van Helden, Verkade, and Wepster, Rec. Trav. chim., 1954, 78, 39. 
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limits of the absorption minimum and v = 35,000 cm... With the 3-monosubstituted 
compounds there is a slight and irregular decrease of the absorption intensity, compared 
with that for 4-aminopyridine, in both the free bases and the cations. A larger decrease 
is observed with the 3,5-dimethyl compound, and the intensity loss in the tetramethyl 
compound is considerable. _These observations might be taken to indicate the presence of a 
small degree of resonance inhibition in the 3-substituted compounds, which is enhanced in 
the last two members of the series. However, this is unlikely (see below), and a further 
point is to be considered. In general, the absorption maxima of polar molecules in solution 
vary in position and intensity with the character of the solvent.*4 The spectra of some of 
the amines of the present series (those which were sufficiently soluble) were determined in 
cyclohexane solution (Table 5). The spectra show both hypsochromic and hypochromic 


TABLE 5. Ultraviolet spectra in cyclohexane solution. 


Amax. (My) 7 Amax. (My) 7 
4-Aminopyridine .................- 233 9620 4-Methylaminopyridine ......... 242 10,500 
4-Amino-3-methylpyridine...... 231 7840 3-Methyl-4-methylaminopyr- 
4-Amino-4-isopropylpyridine ... 232 9500 BED ncrsoveisahisorensasanseisetes 241 9660 


effects compared with those determined in aqueous solution (Table 1). Qualitatively the 
effect upon the intensity of the aqueous spectrum of 4-aminopyridine of placing a methyl 
group at Cy) is very like that produced by replacing the water by cyclohexane. 
This is true, but not so marked, in the case of 4-methylaminopyridine also. The ordering 
of a polar solvent around a polar solute such as 4-aminopyridine will be much greater than 
the ordering of a non-polar solvent. Any hindrance to the solvation of the solute in an 
aqueous solution might, then, be expected to cause a change qualitatively similar to the 
effect caused by change to a less polar solvent. The variation in the absorption intensity 
of the 4-aminopyridines caused by substitution might therefore be due to differences in the 
effectiveness of the solvation of these compounds. Wepster ** observed small variations in 
absorption intensity similar to those for the 4-aminopyridines in a series of o-alkylanilines. 
He concluded that resonance inhibition was practically absent in these anilines, and 
claimed to strengthen the conclusion by treatment of the data by Platt’s method of spectro- 
scopic moments.** Whilst it is doubtful if the use of the method is justified when one of 
the substituents is an amino-group, and whilst the method cannot readily be applied to the 
aminopyridines, it is clear that the ultraviolet absorption data show no features which 
must of necessity be referred to the operation of steric inhibition of resonance. 

If substitution adjacent to a primary amino-group can cause steric inhibition of 
resonance the effect must be at best a small one. If it occurs, infrared data seem most 
likely to reveal it, and accordingly we examined the frequencies and intensities of the 
N-H stretching vibrations of the aminopyridines. The frequencies of maximum absorption 
for the antisymmetric and symmetric stretching vibrations, the stretching force constant, 
k, and the H-N-H bond angle, 0, are recorded in Table 6. These were calculated from 
Linnett’s equation.* 

The most striking feature of the results is the constancy of the values for the stretching 
force constants determined in carbon tetrachloride solution, and the fact that in chloro- 
form solution none of the substituted amines has a stretching force constant smaller than 
that of 4-aminopyridine itself. In general, the N-H stretching force constant increases 
with the “‘ s”’ character of the N-H bond.5 The high stretching force constant found for 
the aminopyridines is thus to be expected in view of the great importance in this series of 
delocalisation of the lone-pair of electrons from the amino-group over the pyridine ring. 

31 Gillam and Stern, ‘‘ An Introduction to Electronic Absorption Spectroscopy in Organic Chemistry,”’ 
Arnold Ltd., London, 1954. 

32 Wepster, Rec. Trav. chim., 1958, 77, 491. 


33 Platt, J. Chem. Phys., 1951, 19, 263. 
34 Linnett, Trans. Faraday Soc., 1945, 41, 223. 
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TABLE 6. Frequencies of absorption and stretching force constants of the N-H stretching 
vibrations in 4-aminopyridines and anilines. 


10-5k 10% 
Va Vs (dyne Va Vs (dyne 
Subst. Solvent (cm.-!) (cm.“!) cm.~}) 0 Solvent (cm.~4) (cm.4) cm.7) 0 
4-Aminopyridines 
- a CCl, 3500 3412 6-62 112-3° CHCl, 3515 3425 6-67 112-3° 
oo. a 3504 3408 6-62 114-4 a 3522 3422 6-68 115-4 
ee - 3501 3411 6-62 112-8 es 3518 3429 6-68 112-5 
er ie 3499 3413 6-62 111-8 - 3520 3430 6-69 112-3 
fe ‘i 3499 3412 6-62 112-1 a 3520 3428 6-69 113-8 
3,5-Me, ...... pe 3502 3413 6-62 112-7 “ 3527 3434 6-71 113-3 
2,3,5,6-Me, ...__,, 3498 3414 6-62 111-2 --- = ~- -— — 
Anilines 

ee CCl, 3478 3396 6-55 110-8° 
ee i 3481 3394 6-55 112-2 
2 3 ee “a 3476 3396 6-54 110-2 
ee a 3490 3402 6-58 112-4 
00’-Me, ...... me 3482 3403 6-57 109-5 


In line with this, the Hammett constant for the 4-amino-group, deduced from the ionisation 
data, is ¢ = —0-686. If resonance inhibition occurred, the consequent localisation of the 
lone-pair upon the exocyclic nitrogen atom would confer greater “‘ #’’ character upon the 
N-H bonds and cause a decrease in the stretching force constant. The data point to the 
absence of such inhibition in both the pyridines and the anilines. The values of 6 show 
the hybridisation of the amino-group to lie between sf? and sf*; the changes caused by 
substitution are too small to be given any certain significance. 

In Table 7 are recorded the intensities of the symmetric and antisymmetric N-H 
stretching bands, determined from the maximum extinction coefficients and the band 
half-widths (see Experimental section). The errors inherent in the method of determining 
the intensities render their absolute values unreliable, but in the series the relative values 
are probably significant. Whilst the intensity of the antisymmetric stretching band 
depends on the polar nature of the N-H bonds, the changes in hybridisation accompanying 
symmetric stretching render the intensity of the symmetric stretching band dependent 
also on the atomic dipole of the nitrogen lone-pair electrons. In aromatic amines the 
m-moment is tied to the symmetric vibration and contributes to its transition moment, 
the contribution increasing with the degree of conjugation between the amino-group and 
the aromatic nucleus. This contribution to the intensity of the symmetric stretching 
band makes it more intense than would otherwise have been expected, and the unbalance 
between antisymmetric and symmetric intensities should increase with increasing conjug- 
ation in the aromatic series.5* It is seen from Table 7 that both antisymmetric and 
symmetric stretching intensities for the pyridine derivatives are greater than those for the 
anilines, and also that whilst the ratio of antisymmetric to symmetric intensities for the 
anilines is never less than 1-2, for the 3-alkyl-4-aminopyridines in carbon tetrachloride it 
has fallen slightly below this. For the heterocyclic compounds in chloroform solution the 
ratio falls further (to an average of about 0-85). This effect is most likely to be due to 
hydrogen bonding of the solvent to the pyridine nuclear nitrogen atom, effectively produc- 
ing a structure more closely resembling a pyridine cation, and thus increasing the conjug- 
ation between the nucleus and the amino-group. 

For the 4-aminopyridines the increasing bulk of a 3-substituent appears to cause no 
significant change in the frequency of either the antisymmetric or the symmetric N-H 
stretching bands, and the same seems to be true for the anilines. The intensities of the 
antisymmetric stretching bands reveal no regular tendencies, but in all cases the increasingly 


85 Orville-Thomas, Parsons, and Ogden, J., 1958, 1047. 





XUM 


° 


2 co co Crm Oo 


tion 
‘ the 
. the 
» the 
how 
1d by 


N-H 

band 

ining 

alues 

band 

ing 
ident 
; the 
nent, 
y and 
ching 
lance 
njug- 
> and 
rr the 
r the 
ide it 
n the 
ue to 
oduc- 
njug- 


ise no 
N-H 
of the 


singly 





(1961| Factors on the Properties of 4-Aminopyridine Derivatives. 3951 


bulky alkyl substituent causes an unbroken fall in the intensities of the symmetric stretch- 
ing bands. The effect of steric inhibition of resonance on the intensity of the antisymmetric 
stretching band would be expected to be small, not greatly influencing the N-H bond dipole 
gradient. On the other hand, resonance inhibition would cause a decrease in the intensity 
of the symmetric stretching band because of the segregation of the nitrogen lone-pair 


TABLE 7. Intensities of absorption of the N-H stretching vibrations in 
4-aminopyridines and anilines. 


€ I € I 
(cm.? Ay (cm. (cm.? Ay (cm. 
Subst. Solvent mole“) (cm.~) mole) mole“) (cm.~4) mole“) 


4-A minopyridines 


ere CCl, 75:8 48 5712 85-0 43 5741 
GE ickticessaninnee re 47-9 53 3987 46°5 45 3288 
sae M 74:4 44 5140 81-1 38 4840 
SE Kebntanndaawese 68-6 43 4635 75-1 36 4247 
a 72-3 42 4770 72-8 36 4117 
SC TEE = 66-5 43 4496 71-4 36 4037 
2,3,5,6-Me, ...... os 57-1 37 3321 57-1 35 3140 
BED aininnceteannes CHCl, 83-4 58 7597 113-1 46 8172 
pe a. 117-9 52 9629 126-6 41 8157 
ra ere - 75:8 52 6189 116-5 44 8052 
UE ttl <esebaians * 83-8 53 6978 110-5 45 7814 
SO a . 80-1 50 6294 108-0 44 7466 
een * 73-2 - 48 5520 88-2 45 6236 
Anilines 
a ee CCl, 46-5 56 4091 49-7 42 3281 
Sen - 47-7 49 3668 47-9 38 2860 
Ye ae 50-2 52 4102 47-4 38 2830 
EE. egmentsinsads eo 53-0 45 3744 39-6 35 2178 
"i i 48-1 48 3628 41-2 37 2395 


electrons from the z-electrons of the ring. However, the observed decrease in the intensity 
of the symmetric stretching band cannot safely be attributed to this effect, for, as 
mentioned above, it is not accompanied by a decrease in the stretching force constant. 
Furthermore, the situation is complicated by the changing inductive effects of the alkyl 
substituents. Kreuger and Thompson! showed that in the para-substituted anilines 
both the antisymmetric and the symmetric N-H stretching band intensities were directly 
related to the Hammett constants of the para-substituents; the more negative the 
constant, the smaller were the intensities. With adjacent alkyl groups the inductive 
effect would therefore be producing changes in the same direction as any steric inhibition 
of resonance which was present. In the present case the two effects cannot be disentangled, 
and the observed intensity changes provide no unambiguous evidence for the presence of 
steric inhibition of resonance. 

The ionisation data for the primary amines are given in Table 2. In the mono- 
substituted compounds the changes in ApK, with substitution are very similar to those 
observed with the 4-methylaminopyridines; they give no indication of steric inhibition of 
resonance. Bigger changes in pK, are found in the 3,5-dimethyl and 2,3,5,6-tetramethyl 
compounds, but these changes are not so marked as in the corresponding cases in the 
4-methylaminopyridine series. If steric inhibition of resonance is the responsible factor 
in the primary amines it must be less marked than in the secondary compounds, and the 
following considerations show that its presence is probably not indicated at all. In the 
sequence of series, pyridines, 4~dimethylaminopyridines, 4-methylaminopyridines, 4-amino- 
pyridines, the average values of TAS (excluding the 3,5-dimethyl and 2,3,5,6-tetramethyl 
compounds) are —2-41 + 0-52, —2-41 + 0-12, —1-68 + 0-13, and —1-53 + 0-14 kcal. 
mole+. This is the sequence to be expected from a consideration of the increasing 
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possibilities of hydrogen bonding in the series.9* The same situation is seen in the rather 
greater values of the changes in (—TJAS) in the secondary and primary amine series than 
in the tertiary amine and parent pyridine series. It is noteworthy, therefore, that only in 
the 4-aminopyridine series do the TAS values of both the 3,5-dimethyl and the 2,3,5,6- 
tetramethyl compound prove to be significantly more negative than the values for the 
other members of the series. It is suggested that in the dimethyl compound solvent 
ordering by hydrogen bonding round the amino-group, and in the tetramethyl compound 
solvent ordering by hydrogen bonding at both ends of the molecule, is being interfered with 
by the alkyl substituents. The effect is more important for the cations than for the free 
bases, and consequently TAS for the processes BH* ~~ B +- H* (in which expression 
the solvating molecules are omitted) becomes more negative. 

In sum, the available data give no clear indication for the existence of steric inhibition 
of resonance in the 4-aminopyridines. In view of Wepster’s results in the aniline series 
it is probable that such an effect could only become detectable in primary aromatic amines 
when the additional resonance energy conferred on the system by conjugation with the 
amino-group represented a small contribution to the total resonance energy. This could 
be the case with the polynuclear compounds examined by Elliott and Mason,’ and also 
with the heterocyclic amines mentioned at the beginning of this paper, as is suggested by 
the infrared data. The ionisation data so far available * are not adequate to permit an 
assessment of the significance of entropy factors, which our present results clearly indicate 
to as a possible source of some of the anomalies found in the properties of these compounds. 


EXPERIMENTAL 


Each compound (see Table 8) was purified immediately before use. The liquids were 
distilled in an atmosphere of nitrogen, middle fractions of successive distillations being taken 
until a constant b. p. was obtained. The solid compounds were recrystallised to constant m. p. 
Solvents for this purpose, and analytical data, have already been given.! 4-Amino-3-ethyl- 
and 4-amino-3-isopropyl-pyridine are normally hydrated: 14 for the present purpose these 
compounds were dehydrated by repeated sublimation at 0-1—0-2 mm. The m. p.s recorded 
below are for the dehydrated substances. o0-t-Butylaniline was purified by recrystallisation of 
its hydrochloride to constant m. p. 208—209°, and distillation of the regenerated base under 
nitrogen. 


TABLE 8. 
Pyridine 4-H 4-NH, 4-NHMe 4-NMe, Aniline B. p. 

B. p. M. p. M. p. M. p. o-H 183—184° 

BRE aseciens 114—115° + 157—158° 124—125° 108—109° o-Me 199—200° 
B. p./mm. oo’-Me, 216—218 

Oe 144—145 108—109 125—126 68—69°/0-‘9 mm. _ o0-Pri 108—110°/20 mm. 
«oo 164— 166 73—74 117—118 82—84°/0-8 mm. o0-But 107—108°/12 mm. 
BE. novsysess 179—180 52—53 95—96 53—54°/0-1 mm. 
3,5-Me, ...... 171—172 83—84 120—121 50—52°/0-1 mm. 
PE vaeenness 169—171 69—70 92-5—93-5 78—80°/0-1 mm. 

M. p. 
2,3,5,6-Me, 77—78° 197—198 118—119 — 


The ionisation constants were determined in the manner described earlier * in thermostat 
baths held at 20° + 0-05°, 35° + 0-05°, and 5-4° + 0-1°, the last temperature being obtained 
by stirring an equilibrium mixture of solid and liquid benzene in a large beaker surrounded by 
a bath of ice-water. The pK, values were converted into ‘‘ thermodynamic values ”’ by apply- 
ing a correction calculated from the usual approximate Debye-Hiickel equation logy) ygq_+ = 

AZ*4/I/(1 + 4/1). The values of A used were those quoted for water by Gold.3?_ The ionic 


36 Trotman-Dickenson, J., 1949, 1293. 
37 Gold, ‘“‘ pH Measurements,”’ Methuen and Co. Ltd., London, 1956. 
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strength J of the solution, taken to be that given by the initial concentration of the base, lay 
between 0-0008 and 0-0057 in the present work. The “ thermodynamic” pK, values so 
determined, with the maximum deviations observed in the titrations, are given in Table 9. 





TABLE 9. Thermodynamic pK, values of substituted pyridines in aqueous solution. 
Substituent Temp. 4-H 4-NH, 4-NHMe 4-NMe, 
EE cahaisenctemnes 5-4° 5-44 + 0-01 971+002 10:10+002 1014+ 0-02 
20 5-28 + 0-02 9-29 + 0-02 9-65 + 0-01 9-70 + 0-01 
35 5-11 + 0-02 8-89 + 0-02 9-27 + 0-01 9-33 +. 0-01 
EE icsaincinaienpaies 5-4 5-96 +002 9884001 10254 0-02 9-03 + 0-02 
20 5-80 + 0-02 9-45 + 0-01 9-84 + 0-02 8-69 + 0-02 
35 5-61 + 0-01 9-00 + 0-01 9-43 + 0-02 8-35 + 0-02 
OR scsscicssinsicmeininiaitiian 5-4 6-00 +002 9944002 10354002 9-02 +4 0-01 
20 5814002 9494001 9894001 8-67 + 0-02 
35 5-60 + 0-02 912001 9484001 833 + 0-01 
DEE cencosienpcsngneseteones 5-4 6-10 + 0-02 998+ 0-01 10-42 + 0-01 8-62 + 0-01 
20 4-88 + 0-01 9594002 9984001 8-26 + 0-02 
35 5-68 + 0-02 9134002 9524001 7-96 + 0-01 
I sipncedsnanenmenionsn 5-4 6-42 + 0-01 9-95 + 0-01 9-89 + 0-02 8-55 + 0-01 
20 6-25 + 0-01 9534002 9964001 812+ 0-01 
35 6-02 + 0-01 9-16 + 0-02 8-98 + 0-01 7-81 + 0-02 
BEBO Mey ..0.c0.0s.0000 5-4 819+ 0-01 1099+ 0-02 10-46 + 0-01 
20 7-90 + 0-01 10:57 + 0-02 10-07 + 0-02 
35 7584001 10214002 9-70 + 0-02 
GE cadindssccctenencaneesis 5-4 2-99 + 0-02 7°34 + 0-01 7-82 + 0-01 6-77 + 0-02 
20 2914002 7054001 7494002 6534001 
35 2-85 + 0-01 6764001 7144001 6-29 + 0-02 


For each compound the values of pK, were plotted against 1/T, and the method of least 
squares was applied to obtain the straight line which best fitted the results. From this line 
were obtained the values pK,(292-3°), and thence of AG(292-3°). The slope of the line gave 
AH/2-3026R. From such plots the values pK,(292-3°) were obtained, and it is these which are 
quoted in Table 2. The relation between pK, and 1/T can be written pK, = a/T + b. The 
standard errors in “‘a’’ and “ b,’”’ 8a and 8b, were calculated 2 and used to find the standard 
errors in AH, etc. [8(AH) = 2-3026R8a; 8(AG) = 2-3026RT{(8a/T)? + (8b)2}#, and 8(TAS) = 
— 2-3026RT (8d) ]}. 

The ultraviolet absorption data were obtained in the way described earlier. The oscillator 


strengths, f = 4-32 x 10° / edv, were estimated by graphical summation, between the limiting 


values mentioned in the Discussion. 

The infrared data were obtained with a Mervyn N.P.L. grating spectrophotometer. The 
region was Calibrated by using the spectrum of ammonia vapour, two bands in the water vapour 
spectrum being used as markers. The spectra were determined for 4 x 10™m-solutions in 
carbon tetrachloride, and 2 x 10m in chloroform. The solvents were ‘‘ AnalaR’’ reagents, 
which were dried over and distilled from phosphorus pentoxide. A cell of path length 5-0 cm., 
and possessing windows of sodium chloride, was used. Intensities were calculated ** from the 
equation J = (r/2)cAv;, an effective slit-width less than 0-4 of the band half-width 
being used. 


We are indebted to the Department of Scientific and Industrial Research for a 
maintenance grant. 


WASHINGTON SINGER LABORATORIES, 


PRINCE OF WALES RoapD, EXETER. { Received, February 23rd, 1961.] 


38 Ramsey, ]. Amer. Chem. Soc., 1952, 74, 72. 








3954 Kamenar and Grdenié: 


770. The Crystal Structure of Stannous Chloride Dihydrate. 
By B. KAMENAR and D. GRDENIC. 


The crystal structure of stannous chloride dihydrate has been determined 
by methods of X-ray analysis. It follows from interatomic distances that 
the compound is dichloroaquotin(11) hydrate, Sn(OH,)Cl,,H,O. 

The molecules of aquo-complex and water of crystallization form alternate 
double layers parallel to the (100) planes and linked by hydrogen bonds. 
The aquo-complex is pyramidal which shows that the non-bonding pair of 
electrons of the tin atom is stereochemically active; the bond angles are 
low, proving a strong ‘‘ lone-pair—bond-pair repulsion.” 


THE crystal structure of such a common and simple compound as stannous chloride 
dihydrate has been studied in order to determine the co-ordination of water molecules 
around the tin atom, a point not only of interest for the structural chemistry of tin(m) 
compounds, but also having a general significance for the stereochemistry of molecules 
or complexes with a lone pair of electrons on the central atom." 

The molecule of anhydrous stannous chloride is bent, with a bond angle of about 95°, 
as determined by the electron diffraction of the vapour. This angle is a result of the 
influence of the lone pair of the tin atom on the bonding pairs, giving a triangular arrange- 
ment of pairs of electrons according to Sidgwick and Powell’s rule.* Thus, there are two 
possibilities for dihydrated stannous chloride, as pointed out in our preliminary com- 
munication “—one or both water molecules may be co-ordinated to the tin. In the 
former case the complex would have to be pyramidal as a result of the tetrahedral arrange- 
ment of one non-bonding and three bonding pairs of electrons. In the latter, a distorted 
pyramidal configuration, as in the SnO or TeCl, structure, would result into one non- 
bonding and four bonding pairs of electrons. The complex with one co-ordinated water 
molecule with 5s*p*-electrons in a tetrahedral hybridization was a priori more probable 
and has been shown to be correct by the present investigation. 


EXPERIMENTAL 


Crystallographic and X-Ray Data.—The crystals of stannous chloride dihydrate, prepared 
from a saturated aqueous solution, are monoclinic prisms elongated along the c-axis direction. 
The crystals were described and examined crystallographically by Marignac;*® in the present 
paper all crystallographic data are referred to the axes chosen by this author. The unit cell 
as determined from oscillation photographs has the dimensions: a = 9-38 A, b = 7-22 A, 
c = 9-02 A, 8 = 114° 58’. The axial ratios a: b:c = 1-299: 1: 1-249 agree well with the 
values a:b: c = 1-2888: 1: 1-2452 (and 8 = 114° 58’) given by Marignac. There are four 
formula units in the unit cell [calculated density (D,) 2-707, measured density (D,,) 2-710; 
M = 225-66; U = 553-8 A%, F(000) = 416]. Nickel-filtered Cu-K radiation was used. 
Systematic extinctions were observed only for 020 reflexions with & odd and for A0/ with / odd. 
The space group is, therefore, P2,/c (C5,,;, No. 14). 

Intensity Measurements.—Specimens cylindrically ground along the b- and the c-axis with 
diameters 0-39 and 0-33 mm., respectively, were sealed in Lindemann glass capillaries to protect 
them from the atmospheric moisture. All possible (A07) and (hkO) reflexions were recorded on 
multiple-film Weissenberg photographs by means of a Nonius integrating camera. The 
relative intensities of the reflexions were determined from the optical densities which were 
measured in the centre of each spot by means of a microdensitometer and corrected by 
means of the characteristic curve of the film. The number of hk0O and h0/ reflexions observed 
was 71 and 84 (out of 85 and 98 possible reflexions), respectively. The absorption correction 


1 Gillespie and Nyholm, Quart. Rev., 1957, 11, 339. 

2 Lister and Sutton, Trans. Faraday Soc., 1941, 37, 406. 
% Sidgwick and Powell, Proc. Roy. Soc., 1940, A, 176, 153. 
# Grdeni¢ and Kamenar, Proc. Chem. Soc., 1960, 312. 

5 Marignac, Ann. Mines, 1856, 9, 5. 
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(u 470 cm.) was carried out with the help of Tables.6 The corrections for polarization and 
Lorentz factor were made in the usual way. 

Determination of the Structure—By using the values of the tin and chlorine co-ordinates, 
evaluated from the [010] Patterson projection, the signs for observed structure factors F,(A0/) 
were calculated, contributions of the oxygen atoms being neglected. The Fourier projection 


TABLE 1. Atomic co-ordinates and their standard deviations 


x/a ylb 2/c o(x) (A) a(y) (A) o(z) (A) 
TD © ‘caiinhanadinidianis 0-126 0-250 0-217 0-0033 0-0056 0-0041 
eee 0-196 0-005 0-448 0-0111 0-0186 0-0142 
eee 0-213 0-001 0-065 0-0140 0-0186 0-0182 
2 oe 0-374 0-320 0-327 0-0294 0-0656 0-0404 
CIEE cntiinsvewsnenre 0-436 0-705 0-358 0-0297 0-0738 0-0317 


Numbering: O(1) belongs to Sn(OH,)Cl, complex, O(2) to the water of crystallization. 


along [010], computed with these signs, is shown in Fig. 1. The peaks of all but oxygen 
atoms are well resolved. In the next step the Fourier projections along [001] were computed 
(Fig. 2) with the signs of F,(hk0) obtained by taking into account the contributions only of 


Fic. 2. Electron-density projection 
along the c-axis. Contours are 
at equal intervals of 30 eA-* for 
tin, 10 eA-* for chlorine, and 5 

“2 for oxygen atom peaks, the 
zero electron-density line being 
omitted. The crosses denote the 
final atomic positions derived 


Fic. 1. Electron-density projection along the b- 
axis. Contours are at equal intervals of 10 
eA-2 for tin and 5 eA- for chlorine and oxygen 
peaks. The zero electron density line is omit- 
ted. The crosses denote the final atomic 
positions derived from difference syntheses. 
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tin and chlorine atoms. The x-co-ordinates from the [010] Fourier projection and the y-co- 
ordinates from the [001] Patterson projection were used. Since the y-co-ordinate for tin atom 
is almost exactly }, two and two atoms overlap in [001] projection, giving peaks of double 
height. Both chlorine atoms of each molecule are also concealed within common peaks in 
this projection, while the oxygen peaks of water molecules are but slightly resolved. The 
diffraction effect of the tin atom is apparent and not without influence on the position of the 
nearest peaks, especially on the oxygen peak. Improved resolution was achieved in the 
[010] and [001] difference Fourier projections which were computed with (F,—Fg,) as coefficients. 
The final values for the x,y-co-ordinates of the oxygen atoms were obtained by graphical 
resolution of the double peak into two components for which the form of a Gaussian curve 
had been assumed. The mean values of the standard deviations in the atomic co-ordinates 
were calculated by Cruickshank’s method.? They are listed together with the final atomic 
co-ordinates in Table 1. 

Structure factors were calculated by using values for the atomic scattering factors, given 
in Tables,* multiplied by an average temperature factor exp (—B sin* 6/4?) with B = 2-5 and 


* “International Tables for X-Ray Crystallography,” Internat. Union of Crystallography, The 
Kynoch Press, Birmingham, 1959, Vol. II, p. 295. 

7 Cruickshank, Acta Cryst., 1949, 2, 65. 

8 Sagel, ‘‘ Tabellen zur R6éntgenstrukturanalyse,” Springer Verlag, Berlin, 1958, p. 106. 
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1-8 A? for hO/ and h&0 reflexions, respectively. These values of B, as well as the scale factor, 
were obtained by Wilson’s statistical method ® and subsequently improved by plotting 
In (F,/F,) against (sin 6/2).? 


TABLE 2. Observed and calculated structure amplitudes. 


(The minimum observable values are given in parentheses.) 


hol Fo Fe hol Fo Fe hol Fo Fe hol Fo Fe hkO 3=6Fo OF hkO 3=Fo Fe 
002 92 —101 602 50 32-8806 0(6) —9 7,0,10 0(6) —1 120 59 —58 350 58 —57 
004 61 74 702 «43 —39 906 «30 24 «=©8,0,10 48 43 220 99 —86 450 o(gs)  —5 
006 «31 —42 802 49 —54 10,0,6 45 45 9,0,10 30 3 320 48 41 550 «56 54 
008 44 —36 902 35 —31 11,0,6 26 34 10,0,10 0(6) 8 420 147 164 650 66 68 
0,010 0(6) —1 104 22 34 106 82 —89 1,010 0(6) —8 520 121 122 750 38 37 
100 111 122 208 123 —151 206 «443 —39 620 0(8) 9 850 ois)  —1 
200 101 -—75 304 107 -—131 306 25 —14 = Ak0 720 98 —100 950 24 —29 
300 170 —171 40i 68 —77 406 0(6) 4 100 115 120 820 84 —91 160 53 —54 
400 122 —122 504 32 17 506 628 24 200 106 —76 920 $1 —25 260 38 —35 
500 06) —6 60i 94 98 606 33 39 300 164 —173 10,2,0 17 27 369 32 30 
600 0(6) 3 704 «58 59 108 68 —76 400 132 —127 130 96 97 460 77 83 
700 «41 24 80i 39 35 208 32 —37 609 o(8) —5 230 134 139 560 76 83 
800 49 43 904 0(6) 1 308 22 —25 600 0(8) 4 330 = 87 83 660 0(8) 2 
900 46 48 10,0, 29 —23 408 22 15 700 47 27 430 0(8) 10 760 48 —63 
10,0,0 16 13 11,04 34 —39 508 26 19 800 55 50 530 «85 —82 860 43 —56 
102 37 —43 12,04 24 —29 608 47 47 900 652 58 630 88 —85 170 «(41 42 
203 «58 40 104 110 125 708 450 64 10,0,0 20 17 730 «57 —55 270 65 70 
302 48 45 204 93 87 808 0(6) 7 020 131 —105 830 0(8) 4 370 45 46 
403 175 179 304 0(6é) —5 908 40 —40 040 191 196 930 38 44 470 0(8) 0 
502 «88 87 404 50 —53 10,03 55 —59 060 36 —33 10,3,0 39 42 570 34 —35 
603 40 —35 504 81 -—76 110,38 19 —25 080 69 81 140 104 101 670 50 —57 
702 114 —116 604 43 —40 108 32 40 110 145 —142 240 57 —49 770 «17 —27 
803 94 —94 704 0(6) 6 208 60 71 210 166 —166 340 126 —126 180 46 54 
903 0(6) —4 804 28 3 308 58 44 310 103 —99 440 83 —77 280 28 —28 
10,0,3 41 48 106 «28 19 408 0(6) —11 410 0(8) —13 540 0(8) —16 380 49 —61 
11,0,2 41 37 206 101 117. (1,0,10 34 32 510 100 107 640 0(8) 6 480 26 —34 
102 94 —101 306 100 126 2,0,10 38 46 610 92 84 740 3 22 580 0(8) —11 
202 142 -—140 406 10 6 3,0,10 27 37 710 71 65 840 36 36 190 31 —35 
302 45 37 506 49 —47 4,0,10 33 —22 810 ois) —2 940 44 47 290 32 —46 
402 104 113. (606 «87 —98  5,0,10 78 —77 910 45 —51 150 80 -~73 390 14 —27 
502 110 108 706 «54 —57 6,0,10 35 —45 10,1,0 38 —44 250 110 —109 


The observed F, and calculated F, structure amplitudes are givenin Table 2. The reliability 
indices have values R(h0/) = 0-140 and R(hkO) = 0-120. If unobserved reflexions are included 
with the values given in Table 2 (0-578 x minimum observable value 1°), we have R(h0/) = 
0-129 and R(AkO) = 0-092. The ratio of the smallest to the largest absorption factor was 
1; 46 and 1: 42 for h0/ and ARO reflexions, respectively. 


DISCUSSION 


The values of the intramolecular and intermolecular distances in the crystal structure 
of stannous chloride dihydrate are given in Table 3. Their standard errors were calculated 
from the standard deviations of the atomic co-ordinates (Table 1) by means of Ahmed 
and Cruickshank’s formula.™ 


TABLE 3. Interatomic distances (A) and bond angles. 


(a) Intramolecular. 


Sn-Cl(1) 2-59 +. 0-02 Cl(l).. .Cl(2) 3-53 + 0-03 Cl-Sn-Cl 85:24 1° 

ee Ci(l)...O(1) 3-27 + 0-06 Cl-Sn-O 86-6 + 1 

Sn-O(1)  =2-16 + 0-04 Cl(2)...O(1) 3-19 + 0-06 O-Sn-Cl 83-4 +1 

(b) Intermolecular. 

Sn...Cl(2’’) 3-40 + 0-02 Cl(l) . . . Cl(2’’) - 3-70 + 0-03 O(l)...O(2) 2-83 4+ 0-09 
Sn...Ci(1’’) 3-29 + 0-02 Ci(2). . . Cl(1’”’”) +3-70 + 0-03 O(1). . . O(2’) 2-65 + 0-06 
Sn...CI1”) 3-31 + 0-02 Cl(2) . Cl(2’) 3-66 + 0-03 O(1) - O(2%) 3-02 + 0-05 
Sn...Cl(2’) 3-62 + 0-02 


Numbering of atoms: single prime denotes centre of symmetry, double prime screw axis, triple 
prime glide-plane symmetry relation to the atom defined by the co-ordinates in Table 1. 


The main result is to prove the existence of a neutral aquo-complex, the SnCl,(OH,) 
molecule, with a pyramidal configuration with the geometry given in Fig. 3. The Sn-Cl 


® Wilson, Nature, 1942, 150, 152. 
10 Hamilton, Acta Cryst., 1955, 8, 185. 
11 Ahmed and Cruickshank, Acta Cryst., 1953, 6, 385. 
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bond length is greater than the values for anhydrous stannous chloride (2-42 A) and for 
stannic chloride (2-30 A) and its methyl derivatives.!2 Until there are more data avail- 
able, this bond lengthening can be interpreted as a weakening of the tin-chlorine link 
under the influence of the co-ordinated water. 

The length of the Sn-O bond which proves a strong link between tin and oxygen is 
very significant. It is even less than the Sn—O distance (2-21 A) in the structure of stannous 
oxide, which may be explained by the greater polarizability of the water molecule in 


the sense Cl,Sn-OH,. Moreover, we have here the oxygen atom which belongs only to 
one tin atom whereas in SnO the charge is spread throughout a polymeric layer of atoms 
in four co-ordination. Therefore, the Sn-O bond in Cl,Sn(OH,) can be considered as 
essentially covalent or, at least, similar in nature to the Sn-O bond in stannous oxide. 
The values of the bond angles are also significant, since such a considerable departure 
from the ideal value for tetrahedral hybridization could hardly be expected. The similar 
decrease in the bond angles for the series of hydrides of the VB and VIB elements has been 
satisfactorily explained by bond lengthening accompanied by a reduction in the repulsion 


Fic. 4. The structure of stannous chloride di- 
hydrate viewed down the b-axis. Large circles 


Fic. 3. Pyramidal dichloro- depict chlorine atoms, small circles water 
aquotin(t1) complex with the molecules, and shaded circles tin atoms. 
values of bond lengths and Covalent bonds are shown by lines, hydrogen 
angles. bonds by broken lines, and van der Waals 


contacts by dotted lines. 
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between hydrogen atoms. In the present case, there is no model for comparison but, 
nevertheless, the same explanation should be valid. Moreover, in the molecule of 
SnCl,(OH,), there is attraction between chlorine and positively charged oxygen, producing 
an additional decrease in the bond angles. 

The crystal structure of dichloroaquotin(11) hydrate is best described by means of the 
projection along the b-axis, as in Fig. 4. The molecules of aquo-complex form double 
layers, parallel to the (100) plane and alternating with the layers of water of crystallization. 
The pyramids of Cl,Sn(OH,) face one another with their apices occupied by tin atoms 
towards the inside of the layer, while co-ordinated water molecules point outwards from 
the layer. There is no direct contact between the Cl,Sn(OH,) layers since they are 
separated by a layer of water of crystallization. Each molecule of water of crystallization 
acts as a bridge between two co-ordinated waters of adjacent layers at a O-O distance of 
2-65 A and 2-83 A, respectively, and vice versa. These distances, as well as their steric 
arrangement, undoubtedly indicate hydrogen bonding due to hydrogen atoms from 
co-ordinated water. The O-O distance of 3-02 A is also due to a hydrogen bond formed 
by a hydrogen atom which belongs to water of crystallization. 

12 Wells, ‘‘ Structural Inorganic Chemistry,”’ 2nd edn., Clarendon Press, Oxford, 1952, p. 368. 


18 Moore and Pauling, J. Amer. Chem. Soc., 1941, 68, 1392. 
14 Linnett and Mellish, Tvans. Faraday Soc., 1954, 50, 665. 
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The intermolecular chlorine atom contacts are realized between layers at a distance 
of 3-66 A, as well as within the layer between the molecules related by a glide plane at a 
distance of 3-70 A. There are four Sn-Cl contacts in the layer: two between the sheets 
of Cl,Sn(OH,) molecules amounting to 3-31 and 3-61 A; and two in the sheet, amounting 
to 3-29 and 3-40 A. The former two contacts are made exactly laterally to the direction 
along which one expects the lone pair to point. The mean value of these Sn-Cl distances 
is equal to the sum of atomic radii (1-80 A for chlorine; 1-51 A for tin, the intermetallic 
radius in white tin }). 

The physical and chemical properties of hydrated stannous chloride are well explained 
by our results. The crystals show marked cleavage parallel to the (100) plane. The 
dehydration under controlled conditions (80°, atmospheric pressure) leads to the loss of 
only one mol. of water, which is obviously the water of crystallization, giving dichloro- 
aquotin(I1), which proves the considerable strength of the co-ordinated link of water to 
tin. 

DEPARTMENT OF INORGANIC AND STRUCTURAL CHEMISTRY, 


RupjerR BoSxovié INsTITuTE, BryEniéKa 54, 
ZAGREB, YUGOSLAVIA. [Received, April 4th, 1961.) 


15 Wells, ref. 12, p. 674. 





771. An Alternative Synthetic Approach to (-+)-Gibberone. 
By T. Money, R. A. RAPHAEL, A. I. Scott, and D. W. Younc. 


A synthetic route is described to 1,2,3,10-tetrahydro-2,8-dimethyl-3-oxo- 
fluoren-10-ylacetic acid (IX), which has earlier been converted into (+)- 
gibberone. 


A SYNTHESIS of (+)-gibberone? (I), a transformation product of gibberellic acid which 
retains the characteristic tetracyclic system, has recently been described ? which uses as 
its key intermediate the tetrahydrofluorenone (IX). We have independently obtained 
this compound in another way as follows. 

The starting material, 4-methylindan-l-one,? was prepared from §-0-tolylpropionic 
acid by an improvement of Bachmann’s procedure.* Treatment of the indanone with 
acrylonitrile in the presence of base produced the expected dicyanoethylated compound 
(II; R= CN), which by hydrolysis gave the keto-dicarboxylic acid (II; R = CO,H). 
Esterification and Dieckmann cyclisation of the derived diester (II; R = CO,Et) gave 
the spiro-8-keto-ester (III; R = CO,Et) which was converted by acid hydrolysis and 
decarboxylation into a spirodiketone with light absorption compatible with structure 
(III; R =H). 

An excess of methylmagnesium bromide converted the spirodiketone smoothly into 
the di-tertiary diol (IV), as shown by the complete disappearance of carbonyl absorption 
in the infrared, and indanone absorption in the ultraviolet, region. The diol was 
dehydrated by toluene-p-sulphonic acid in boiling benzene to a crystalline diene which was 
shown to possess structure (V), rather than that of its di-exo-isomer, by absorption 
maxima at 790 (trisubstituted double bond 5) as well as 890 cm. (CH,= double bond). 
Confirmation was provided by low-temperature ozonisation-oxidation of the diene, which 
afforded, with the loss of one methylene-carbon atom, the diketo-acid (VI; R= H). 
The corresponding methyl ester (VI; R = Me) showed the expected light absorption at 


1 Cross, Grove, MacMillan, and Mulholland, /J., 1958, 2520. 

2 Loewenthal, Proc. Chem. Soc., 1960, 355. 

3 Young, Ber., 1892, 25, 2102. 

* Bachmann and Raunio, J]. Amer. Chem. Soc., 1950, 72, 2530. 

5 Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,”” Methuen, London, 1958. 
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1735 (ester C=O) and at 1715 cm.+ and 250 and 295 my (indanone chromophore).»®? 


The third ring was then introduced by an internal aldol condensation of the diketo-ester 
in the presence of sodium methoxide. The resulting material showed bands at 1735 
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(ester C=O), 1670 (cyclohexenone), and 1630 cm. (styrene C=C) and at 238 and 300 mu 
(¢ 8300 and 19,500) in accord with those expected for the tricyclic product (VII). 

Our first attempt at construction of the fourth ring involved the introduction of nitrile 
and methyl groups vicinal to the carbonyl group of compound (VII). Conversion into 
the a-cyano-ketone was achieved by Johnson and Shelberg’s isoxazole procedure,’ and 
subsequent methylation produced a compound for which formula (VIII) represents one 
possible stereoisomer. Attempted cyclisations of this product to form the required 
tetracyclic cyclopentanone were uniformly unsuccessful and, for this reason, the relative 
stereochemistry depicted in (VIII) is tentatively assigned, in which the methoxycarbonyl- 
methyl.and nitrile groups are trans-situated. 

Attempted direct monomethylation of the ketone (VII) led to intractable mixtures 
but the required product (IX) was obtained by conversion into the hydroxymethylene 
derivative followed by treatment with sodium hydride and methyl iodide in dimethyl- 
formamide. Hydrolysis of the product furnished the acid (IX), at which point our route 
and Loewenthal’s? converged. A mixed melting point of this acid (m. p. 169-5—170°) 
with that (m. p. 171—172°) obtained by courtesy of Dr. Loewenthal showed no depression 
and the infrared and mass spectra of the two samples were identical. 

For comparison with an acid (X; R = CH,°CO,H),! another degradation product of 
gibberellic acid, the closely similar tricyclic diketone (X; R = H) was obtained from the 
keto-ester (III; R = CO,Et). Methylation, hydrolysis, and decarboxylation converted it 
into the spirodiketone (III; R = Me) which was subjected to ring contraction via the 
furfurylidene derivative, ozonolysis, and Dieckmann cyclisation in the obvious manner. 
The properties of the resulting spirodiketone were in full accord with the structure (X; 
R =H) and closely resembled those of the tricyclic degradation product (X; R= 
CH,°CO,H). 

EXPERIMENTAL 

M. p.s were determined on the Kofler block. Infrared spectra were taken with a Perkin-— 
Elmer Infracord spectrometer for solutions in carbon tetrachloride; ultraviolet spectra with 
a Unicam S.P. 500 spectrophotometer for solutions in ethanol. Microanalyses are by Mr. 
J. M. L. Cameron, B.Sc., and his staff. The light petroleum used had b. p. 60—80°. The 


® See Brian, Grove, and MacMillan, Fortschritte Chem. org. Naturstoffe, 1960, 18, 350, for leading 
references. 

? Friedel and Orchin, “‘ Ultraviolet Spectra of Aromatic Compounds,’’ Wiley, New York, 1959. 
§ Johnson and Shelberg, J. Amer. Chem. Soc., 1945, 67, 1745. 
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phrase “‘in the usual way”’ refers to dilution with water, extraction with ether, washing 
successively with aqueous sodium hydrogen carbonate, dilute hydrochloric acid, and water, 
and, after drying (MgSO,), concentration on the steam bath in vacuo. When necessary, benzene 
or chloroform was added to remove final traces of water. 

4-Methylindan-1-one.—The following modification of the recorded method 4 was tound most 
convenient. 2-Methylcinnamic acid (20 g.) in 10% aqueous sodium hydroxide (120 c.c.) 
containing 5% palladium-charcoal (3 g.) was shaken under hydrogen. Uptake of 1 mol. was 
complete in 2 hr., whereupon filtration and acidification gave B-o-tolylpropionic acid as plates 
(18-5 g., 90%), m. p. 102—-104° (from light petroleum; lit.,? m. p. 102°). 

A mixture of this acid (8 g.) and polyphosphoric acid (150 g.) was stirred vigorously at 100° 
for 3 hr. The resultant syrup was added to water (400 c.c.). Working up in the usual way 
afforded 4-methylindan-l-one (5-5 g., 79%) as pale yellow needles, m. p. 98—101° (from light 
petroleum; lit.,4 m. p. 98—101°). 

4-Methyl-1-oxoindan-2-ylidenedi-B-propionic Acid (II; R = CO,H).—Acrylonitrile (2-2 g.) 
was added at room temperature to a solution of 4-methylindan-l-one (3 g.) in dry benzene 
(30 c.c.) containing Triton B (300 mg.) with stirring. After 16 hr., working up in the usual way 
gave the crude oily dinitrile (II; R = CN). When this had been refluxed for 8 hr. with 10% 
aqueous potassium hydroxide (100 c.c.), isolation of the acidic fraction and crystallisation from 
hot water gave the keto-dicarboxylic acid (II; R = CO,H) as plates (4-5 g., 75%), m. p. 160— 
164°, Vmax. (in Nujol) 1720 (indanone C=O) and 1700 cm. (CO,H) (Found: C, 66-0; H, 6-25. 
C,,H,,0; requires C, 66-2; H, 6-25%). 

Ethyl 4-Methyl-1-oxoindan-2-spiro-1’-(4’-oxocyclohexane-3’-carboxylate) (III; R = CO,Et).— 
The foregoing acid was esterified (ethanol-sulphuric acid; 8 hours’ refluxing) in the usual way. 
The crude keto-ester (II; R = CO,Et) showed the expected infrared bands at 1735 and 1715 
cm." (ester and indanone C=O). This ester (21-6 g.) was added dropwise during 1 hr. with 
stirring to a refluxing mixture of powdered sodium (1-44 g.) and dry benzene (175c.c.). Stirring 
and refluxing were maintained for 12 hr. after the addition. Then the mixture was cooled, treated 
with ice-cold dilute hydrochloric acid, and worked up in the usual way to furnish needles of 
the spiro-B-keto-ester (III; R = CO,Et) (13-2 g., 70%) which, after recrystallisation from 
ethanol, had m. p. 131—133°, vax, 1720 (ester and indanone C=O), 1670 (chelated ester C=O), 
and 1615 cm. (enol C=C), Amax, 250—252 and 295—-300 mu (ce 26,200 and 3080) (Found: C, 71-8; 
H, 6-85. C,,H,.O, requires C, 72-0; H, 6-7%). 

4-Methyl-1-oxoindane-2-spiro-1’-(cyclohexan-4’-one) (IIL; R = H).—A solution of the spiro-B- 
keto-ester (III; R = CO,Et) (10 g.) in ‘‘ AnalaR ”’ acetic acid (40 c.c.) containing concentrated 
hydrochloric acid (10 c.c.) and water (6 c.c.) was heated under reflux in a nitrogen atmosphere 
for 5 hr. The cooled solution was added to ice-water (150 c.c.), and the resultant white solid 
filtered off and dried (7 g., 92%). Crystallized from aqueous ethanol the spiro-diketone (III; 
R = H) formed prisms, m. p. 123—126°, v 1720 cm.} (indanone and cyclohexanone C=O), 
Amax. 250—255 and 298 my (ce 12,700 and 2420) (Found: C, 79-2; H, 7-2. C,;H,,O, requires 
C, 78-9; H, 7-05%). 

1-Hydroxy-1,4-dimethylindane-2-spiro-1’-(4’-methylcyclohexan-4’-ol) (IV).—Methylmagnesium 
bromide was prepared by adding methyl bromide (20 c.c.) in dry ether (25 c.c.) to a stirred 
mixture of magnesium turnings (2 g.) and dry ether (10 c.c.). Loss of methyl bromide in the 
nitrogen stream was minimised by attachment of a methanol—carbon dioxide condenser. The 
latter was then replaced by a water-condenser and a solution of spirodiketone (III; R = H) 
(4-6 g.) in ether—tetrahydrofuran (1:1; 100 c.c.) added dropwise to the stirred, refluxing 
Grignard reagent. After 3 hr. the complex was decomposed by saturated ammonium chloride 
solution (50 c.c.). Isolation in the usual way gave a colourless gum (5-1 g., 97%) which had 
v 3400 (OH), 1600 (C=C aromatic) cm.~!, Amax, 265 my (e 430) and was used directly for the 
next step. 

4-Methyl-1-methyleneindane-2-spiro-1’-(4'-methylcyclohex-3’-ene) (V).—A_ solution of the 
crude diol (IV) (5-1 g.) in dry benzene (150 c.c.) containing toluene-p-sulphonic acid (400 mg.) 
was heated under reflux for 3 hr. under a Dean and Stark apparatus. The benzene solution 
was processed in the usual way to furnish an oil (4-3 g.) which was chromatographed in light 
petroleum over alumina (Brockmann grade III). Elution with light petroleum gave the spiro- 
diene (V) as prisms (from light petroleum), m. p. 67—69°, vmax. 1635 (styrene C=C) and 1600 
cm.~! (aromatic C=C), Amax. 255, 290, and 300 my (e 15,500, 3940, 3520) (Found: C, 90-7; H, 9-2. 
Cy,7H oo requires C, 91-0; H, 9-0%). 
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Methyl 4-Methyl-1-0x0-2-3’-oxobutylindan-2-ylacetate (VI; R = Me).—A solution of the 
spiro-diene (V) (1 g.) in ‘“‘ AnalaR ”’ ethyl acetate (50 c.c.) was ozonised for 2 hr. at —70°. The 
solvent was removed in vacuo at 40°, and the residue treated with glacial acetic acid (15 c.c.) 
containing 30% hydrogen peroxide (5 c.c.) and dilute hydrochloric acid (2 drops). After 16 hr. 
at room temperature the solution was heated on the steam bath for 10 min., and the acetic acid 
neutralised with sodium hydrogen carbonate solution. Removal of neutral material in ether, 
followed by acidification of the alkaline extract and isolation of the acid in ethyl acetate, gave 
an oil (1 g., 82%) which had vy,x 1700 and 1600 cm.. Esterification with diazomethane gave 
the diketo-ester (VI; R = Me) which had vy, 1735 (ester C=O) and 1715 cm. (indanone 
C=O), Amax, 250 and 295 my. (c 7200 and 1400) and was used directly for the next step. 

Methyl 1,2,3,10-Tetrahydro-3-oxofluoren-10-ylacetate (VII).—A solution of the oily diketo- 
ester (VI; R = Me) (800 mg.) in methanol (100 c.c.) containing sodium (1 zg.) was heated under 
reflux in a nitrogen atmosphere for 4 hr. The resultant solution was concentrated to 30 c.c. 
and water (75 c.c.) added. Acidification with dilute hydrochloric acid and extraction with 
ethyl acetate furnished an oil (600 mg.) which on trituration with ether gave the amorphous 
tricyclic enone-acid (250 mg., 33%), m. p. 218—225°. The corresponding methyl ester (V11) 
formed prisms, m. p. 109—111°, from ethyl acetate—-light petroleum (Found: C, 75-35; H, 6-25. 
C,,H,,O0, requires C, 75-55; H, 6-7%). 

Methyl 2-Cyano-1,2,3,10-tetrahydro-2,8-dimethyl-3-oxofluoren-10-ylacetate (VIII)—To a 
stirred suspension of sodium methoxide (450 mg.) in dry benzene (15 c.c.) was added a solution 
of ethyl formate (600 mg.) in dry benzene (5c.c.). The mixture was stirred for 40 min. at room 
temperature under nitrogen and then cooled in ice. A solution of the enone-ester (VII) (1 g.) 
in dry benzene (35 c.c.) was added to the suspension at 0° and the mixture maintained at this 
temperature for 30 min. The greenish-brown mixture was stirred overnight at room tem- 
perature. Acidification with dilute sulphuric acid and extraction with ether gave the hydroxy- 
methylene derivative as a red oil (900 mg., 81%) which showed a purple ferric reaction and 
Vmax. 1760 (ester), 1670 (cyclohexenone), and 1640 (enolised $-dicarbonyl, enol, and styrene C=C) 
cm. 1, Amax, 238 and 300 my (ce 7400 and 12,800), Amax. (in 0-1N-alcoholic sodium ethoxide) 232, 
295, and 390—395 my (< 7900, 13,000, and 5150). A solution of this compound (900 mg.) in 
“ AnalaR ”’ acetic acid (25 c.c.) containing hydroxylamine hydrochloride (900 mg.) was refluxed 
under nitrogen for 25 min. The red solution was cooled, diluted with water (200 c.c.), and 
extracted with ethyl acetate. Working up in the usual way gave the isoxazole as an oil (700 
mg., 78%) showing no colour with alcoholic ferric chloride and having v,,, 1730 (ester) and 
1630 cm.7 (styrene C=C and C=N), Anax 238 and 320 my (e 7200 and 11,700). The crude 
isoxazole (700 mg.) in benzene (18 c.c.) was added under nitrogen to an ice-cold solution from 
sodium (150 mg.) in dry methanol 5 c.c.). After 30 min. at room temperature, the mixture 
was refluxed for 10min. After cooling, methyl iodide (1 c.c.) was added and the stirred solution 
kept at 20° for i hr., then refluxed for 2 hr. after addition of a further amount (9-5 c.c.) of methyl 
iodide. Working up in the usual way gave the methylated a-cyano-ketone (VIII) as plates 
(250 mg., 34%) from ethyl acetate), m. p. 191—195°, vingx, 2250 (C=N), 1740 (ester), 1675 (cyclo- 
hexenone), and 1640 cm. (styrene C=C), Amax, 240 and 302—310 mu (ce 8150 and 20,300) [Found: 
C, 73-8; H, 5-95; N, 46%; M (mass spectrometer), 309. C,g.H,gO,;N requires C, 73-75; 
H, 6-2; N, 455%; M, 309). 

Attempted cyclisation of the cyano-ketone (VIII) with potassium t-butoxide in t-butyl 
alcohol gave intractable products. 

1,2,3,10-Tetrahydro-2,8-dimethyl-3-oxofluoren-10-ylacetic Acid (IX).—To a solution of the 
hydroxymethylene compound (100 mg.) (prepared as above) in dry dimethylformamide (1-5 c.c.) 
was added sodium hydride (30 mg.). The suspension was stirred for 1-5 hr. under nitrogen 
and then methy] iodide (0-7 c.c.) added with ice-cooling. Stirring at 0° was maintained for 1 hr. 
and the solution allowed to reach room temperature and stirred for 4 hr. Working up in the 
usual way gave an oil which was directly hydrolysed in refluxing ethanol (5 c.c.) containing 
60% potassium hydroxide solution (1 c.c.) during 3-5 hr. Neutral products were removed in 
ether, and the acidified solution was extracted with ether to give an oil which solidified slowly 
on trituration with isopropyl ether. Chromatography in benzene over silica gel gave a fraction, 
eluted with benzene-ether (19:1), which crystallised from isopropyl ether as prisms, m. p. 
169-5—170° alone or mixed with the authentic sample (m. p. 171°). A comparison of mass and 
infrared spectra confirmed the identity of the acids. 

4-Methyl-1-oxoindane-2-spiro-1’-(3’-methylcyclohexan-4’-one) (III; R = Me).—A solution of 
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the spiro-8-keto-ester (III; R = CO,Et) (6 g.) in dry benzene (30 c.c.) was added dropwise to a 
stirred mixture of powdered sodium (500 mg.) and dry benzene (5c.c.). After 30 min. at room 
temperature the stirred mixture was heated under reflux for 1 hr., then methyl iodide (2 c.c.) was 
added to the cooled suspension and refluxing maintained for a further 8 hr. Working up in the 
usual way gave a viscous oil (6 g.) which showed no colour with ferric chloride solution. When 
this oil was refluxed for 6 hr. under nitrogen in acetic acid (20 c.c.) containing concentrated 
hydrochloric acid (8 c.c.) and water (4 c.c.), addition of ice-water (120 c.c.) gave a yellow solid 
(4 g.) which recrystallised from aqueous methanol as prisms, m. p. 112—114°, vgax 1710 cm. 
(indanone and cyclohexanone C=O), Amsax, 252 and 299 my (e 12,500 and 2300) (Found: C, 79-2; 
H, 7:65. C,gH,,O, requires C, 79-3; H, 7-5%). 

4-Methyl-1-oxoindane-2-spiro-1’-(4’-methylcyclopentan-3'-one) (X; R = H).—The furfuryl- 
idene derivative of the ketone (III; R = Me) was prepared in the usual way by means of 
sodium hydroxide-ethanol but was obtained only as an oil, Amax, 250 and 325 my (e 13,000, 
17,500). The crude furfurylidene compound (600 mg.) was ozonised in ethyl acetate (40 c.c.) 
at —70° for 30 min., the solvent removed, and oxidation carried out in ‘‘ AnalaR ”’ acetic acid 
(5 c.c.) containing 30% hydrogen peroxide (2 c.c.) and dilute hydrochloric acid (1 c.c.). The 
acidic product was isolated and esterified as described above for the diketo-ester (VI; R = 
Me). The oily keto-diester (320 mg.) obtained in this way had Apax 250 and 295 (e 1200 and 
1800), Vmax. 1735 and 1700 cm.“ (indanone and ester C=O). Dieckmann cyclisation was carried 
out on the latter ester in 79% yield. This resultant keto-ester had v,,, 1720 (indanone and 
ester C=O), 1665 (chelated ester C=O) and 1620 cm. (enol C=C). Hydrolysis and decarboxyl- 
ation, as in the preparation of the methylated spirodiketone (III; R = Me) above, gave the 
new spirodiketone (X; R = H), b. p. 140°/0-4 mm., vax, 1745 (cyclopentanone) and 1715 cm. 
(indanone), Amax, 252 and 299 (ce 12,300 and 2200) (Found: C, 78-4; H, 7-4. C,;H,,O, requires 
C, 78-9; H, 7-05%). 


We thank Dr. H. J. E. Loewenthal for kindly informing us of his results before their 
publication and for a sample of his synthetic acid (IX). Two of us are indebted to the Carnegie 
Trust (D. W. Y.) and D.S.I.R. (T. M.) for Maintenance Grants. 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, GLASGOW. [Received, April 6th, 1961.) 





772. The Chemical Action of Ionising Radiations on Simple Aliphatic 
Alcohols. Part I. Irradiation of Ethanol in the Liquid and in the 
Solid State and in the Presence of Solutes. 

By E. Hayon and J. J. WEIss. 


The radiation chemistry (®Co y-rays and 200 kv X-rays) of ethanol has 
been studied, particularly as a function of temperature and of the con- 
centration of some selected solutes (oxygen, chloroacetic acid, glycollic acid, 
acetic acid, 2-chloroethanol) with the object of elucidating the primary 
radiolytic mechanism. It is suggested that ethanol is, to a large extent, 
ionised into positive and negative ‘“‘ polarons ”’ which may then react: 
(CHg°CH°OH)*+ — a CH,*CH*OH + Ht 
(CHg*CHy°OH)- —t> CHy°CH,°O- + H 
(CHs°CH°OH)~ ++ H+ —a CHy°CH,°OH + H 
CHg°CH,O- + H+ —  CH,°CH,‘OH 
In the presence of solutes with good electron-accepting properties, such 
as oxygen and chlorinated organic compounds, the negative polarons can 
react directly with them: 
(CHy°CHy°OH)~ + O, —B> CHy'CH,'OH + O,- 
(CHs°CH,°OH)~ + RCI —p CHy°CH,‘OH + R + CI- 
This mechanism is similar to that proposed for aqueous systems. 
McDonELL and NEwrTon ! studied the effect of the bombardment by 28 Mev helium ions 
on deaerated liquid alcohols. The major products were aldehydes, glycols, and ketones, 


1 McDonell and Newton, J. Amer. Chem. Soc., 1954, 76, 4651; Newton and McDonell, ibid., 1956, 
78, 4554. 





Vol. 1961, Papers No. 772 and 773, pages 3962 and 3970. - Throughout, the dose-vates should be y-rays: 
10'%eyv ml.-! min.-! and X-rays: 1017 ev ml.-! min! (instead of 10!* ev ml.-! min.-! and 101¢ ev ml.-! 
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depending on the nature of the alcohol. Hydrogen was the main gaseous product, with 
smaller amounts of carbon monoxide and methane and traces of lower hydrocarbons. 
The yields of the products resulting from the action of Co y-ray on deaerated liquid 
methanol were determined by McDonell and Gordon,? Meshitsuka and Burton, and 
Adams and Baxendale. 

The reaction mechanisms were inadequately defined and we therefore investigated the 
two simple alcohols, methanol and ethanol, using relatively low doses of radiation, at 
different temperatures for the liquid and the frozen state; the effect of selected solutes was 
also investigated. 


RESULTS 


Deaerated Sys'2ms.—Irradiations were carried out in Pyrex glass vessels, cleaned and dried as 
described below. Irradiation of pure ethanol with ©Co y-radiation or with X-rays (200 kv) in 
the absence of oxygen gave acetaldehyde and butane-2,3-diol as the only detectable products, 
with hydrogen as the major gaseous component. Small amounts of methane and carbon 
monoxide and traces of ethane, ethylene, and acetylene were also found. The dependence of 
the yields on the dose of y-radiation for liquid ethanol at 20° is shown in Fig. 1: the yields of 
acetaldehyde, butane-2,3-diol, and hydrogen were linear functions of dose up to a total of 
8 x 10'*ev ml.4. A similar linear dependence was obtained in all cases at low doses both for 
y- and for X-irradiations. 

Table 1 gives the initial yields (G-values: molecules/100 ev) of the products for X- and y- 
radiolysis of deaerated ethanol in the liquid (20°) and the frozen state (— 196°; liquid nitrogen) 
as derived from the linear parts of the yield—dose plots, from at least four runs. The yields 
obtained on y-irradiation of frozen ethanol-are within 10—1I5% of those at room temperature, 
except for butane-2,3-diol, the yield of which was appreciably less at the low temperature. 
With X-radiation the overall yields are greater but they are considerably reduced in the frozen 
state. 


TABLE 1. Initial yields (G-values) of products of irradiation of deaerated ethanol with Co 
y-rays (1-60 x 10% ev ml. min.*) and X-rays (200 kv) (1-34 x 10% ev ml. min.*) 


y-Rays X-Rays 
Products 20° — 196° — 196° 
EE as cnn icctiisrnnasriectecienevitaentens 3:14 + 0-1 3-60 + 0-2 3-52 + 0-1 
III x: cincaakinkacuntusconwoutaeredesuns 1-67 + 0-2 0-95 + 0-2 2-58 + 0-2 
ir - chanics Minaaioehidicd seastiniigcemekecieatiemesd 4-87 + 0-2 4-50 + 0-3* 5-96 + 0-2 
Re .ccheiantdbigiivunsncosesadipuipelaetnacbbageuideten 0-58 0-45 0-22 
EAD diidedmsscasdiadicsakndniecsladcohadepouinasmauoues 0-26 0-20 0-11 


Traces of C,H,, C,H,, and C,H, in all experiments. _ 
* Johnsen (J. Phys. Chem., 1959, 68, 2088) obtained G(H,) 4:78 from y-irradiation of air-free 
ethanol at — 196°. 


In the Presence of Oxygen.—In irradiations of ethanol in the presence of air or oxygen (1 atm.) 
no appreciable amounts of the diol could be detected: G(diol) ~ 0-3. The products found were 
acetaldehyde, hydrogen peroxide, small amounts of hydrogen, and traces of the lower hydro- 
carbons. No organic hydroperoxides or peroxides were found (G~ 0-1). Fig. 2 shows the 
dependence of the yields of acetaldehyde and hydrogen peroxide on radiation dose for the 
y-irradiation of air-saturated and oxygen-saturated liquid ethanol at 20°. The yields of 
acetaldehyde and hydrogen peroxide, even at the smallest dose, are higher in air-saturated 
than in oxygen-saturated liquid ethanol; the same difference was observed in the X-ray 
experiments. 

The initial yields (G-values) of the products obtained in irradiations of ethanol with y- and 
X-rays in the presence of air and oxygen and in the liquid and frozen state are given in Table 2. 
The yields were within +10% the same for both y- and X-rays (cf. Table 1). Irradiation of 
frozen ethanol (— 196°) in the presence of air or oxygen (1 atm.) gave the same products as 
were found for the liquid state, but the yields were lower in the former cases. The difference 

2? McDonell and Gordon, J. Chem. Phys., 1955, 28, 208. 


’ Meshitsuka and Burton, Radiation Res., 1958, 8, 285. 
* Adams and Baxendale, J. Amer. Chem. Soc., 1958, 80, 4215. 
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TABLE 2. Initial yields (G-values) of the products obtained on irradiation of pure ethanol in 
the presence of air and oxygen (1 atm.) with Co y-rays and 200 kv X-rays (doses as 


Table 1). 
y-Rays X-Rays 
At 20° At 20° At —196° 
Products Air-satd. O,-satd. Air-satd. O,-satd. Air-satd. O,-satd. 
Acetaldehyde ............... 6-40 4:5 6-10 4-10 2-81 2-82 
_ | IE 4-62 3-2 4-10 2-33 2-97 2-94 
MER, edberencovinakoasenusntones 1-73 1-41 2-03 1-54 1-46 1-41 


Traces of CO, CH,, C,H,, C,H,, C,H, were found in all experiments. 


in the yields between oxygen-saturated and air-saturated ethanol was negligible at the low 
temperature. 
Effects of Solutes.—The solutes used in deaerated ethanol were chloroacetic acid, glycolic 
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acid, acetic acid, and 2-chloroethanol, whose radiation-chemical behaviour in aqueous solu- 
tion has been studied recently.5 Table 3 shows the dependence of the yields of hydrogen, 


TABLE 3. Initial yields (G-values) of Hj, CHy, and CO obtained from Co y-irradiation 
(1-60 x 10% ev ml.+ min.) of deaerated ethanol in the presence of various organic 


solutes. 
Solute (mole/l1.) Yields (G) Solute (mole/l1.) Yields (G) 
CH,Cl-CO,H H, CH, co CH,Cl-CH,°OH H, CH, co 
10-¢ 3-53 0-54 0-21 10-4 3°5 0-53 0-23 
10-2 3-43 0-49 0-21 10°3 3-49 0-51 0-20 
1071 3-27 0-41 0-18 . Io 3-50 0-52 0-15 
1-0 2-43 0-26 0-15 1-0 2-61 0-44 0-10 
8-0 0-68 0-19 0-11 5-0 1-80 0-28 0-03 
HO-CH,°CO,H AcOH 
10°5 3-96 0-54 0-25 10-4 4-75 0-53 0-19 
10-¢ 3-53 0-51 0-25 10-2 4:77 0-49 0-16 
10-3 3-43 0-47 0-35 1071 4-43 0-49 0-15 
10° 3-43 0-48 0-20 1-0 3-28 1-02 0-13 
1073 3-19 0-48 0-13 5-0 1-78 1-34 0-25 
1-0 2-61 0-25 0-07 
4-0 1-34 0-27 0-37 


& Hayon and Weiss, Proc. Internat. Conf. Peaceful Uses of Atomic Energy, Geneva, 1958, Vol. XXIX, 
p. 80; J., 1960, 1591. 








Vol. 1961, pages 3964 and 3971. For 10-* mole/l. on the ordinates of Figs. 1, 2; 1, 2, 3, read 10-* mole/I. 
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methane, and carbon monoxide on the concentration of the solutes. Carbon dioxide was also 
formed (except in the case of 2-chloroethanol) but was not determined quantitatively since 
a liquid-nitrogen trap was used to condense any ethanol vapour. It will be seen that the yields 
of several products decrease with increasing solute concentration. 

Fig. 3 shows a plot of the yields of hydrogen (G-values) against concentration of the different 
solutes in ethanol. The results indicate that the decrease in the hydrogen yield with increasing 
solute concentration (from 10 to 1-0m) is almost the same for chloroacetic acid, glycollic acid, 
and 2-chloroethanol, amounting to a decrease of about 33% in 10m and about 48% in the 
M-solutions. On the other hand, the effect of acetic acid as a solute was much smaller; in 
104m-acetic acid the yield of hydrogen decreased by only 7:7%, with 30% decrease in 
M-solution. 

Yields of acetaldehyde for different concentrations of monochloroacetic acid and of acetic 


Fic. 3. Initial yields of hydrogen (G-values) obtained on irradiation (®Co y-rays) of pure deaerated ethanol 











in the presence of acetic acid (©), glycollic acid (GF), chloroacetic acid (|+.), and 2-chloroethanol (A). 
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acid increased from G(aldehyde) 3-1 in 10-°m- to ~7-2 in 1-0m-chloroacetic acid, and from ~3-1 
to 4-5 for acetic acid over the same concentration range. In the chloroacetic acid solutions, the 
yields of chloride also increased with increasing solute concentration, particularly in solutions 
above 10m. 

DISCUSSION 


Table 4 shows the yields of the products obtained in different laboratories on irradiation 
of deaerated liquid ethanol. It is very likely that the differences in these values are due 
to the difference in the purity of the ethanol used. 


TABLE 4. Yvtelds (G-values) obtained by different authors in the irradiation of 
pure liquid ethanol. 


Radiation G(H,) G(CH,) G(CO) G(aldehyde) G(glycol) Ref. 
28 Mev He ions ...... 3-46 0-43 0-11 2-1 1-05 1 
800 kv Electrons ... 6-0 0-20 0-30 1-0 -— a 
Co y-Rays......... 4-35 0-60 — — —_ b 

(aia 3-66 ~- -- —- —- c 

.. Senbemien 4-87 0-58 0-26 1-67 ‘ 1-67 d 


(a) Bach, Proc. Internat. Conf. Peaceful Uses of Atomic Energy, Geneva, 1955, Vol. VII, p. 538; 
Bach and Sorokin, Symp. Radiation Chem. Acad. Sci., U.S.S.R., 1955, Vol. I, p. 135. (6) Adams, 
Baxendale, and Sedgwick, J. Phys. Chem., 1959, 63, 854. (c) Burr, jun., J. Amer. Chem. Soc., 1957, 
79, 751; J. Phys. Chem., 1957, 61, 1477. (d) Present work. 


The effect of ionising radiations on simple aliphatic alcohols is presumed to be removal 
of a hydrogen atom from the a-carbon atom since deaerated alcohols give 1,2- rather than 
1,3-glycols. In addition to the formation of 1,2-glycols one has to account also for that of 
acetaldehyde, hydrogen, methane, and carbon monoxide. Since no glycols were formed 


Vol. 1961, page 3965, Table 4, bottom line. For G(aldehyde) 1-67, read 3-14. 
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in the irradiation of ethanol in the presence of oxygen, one must conclude that the glycol 
is formed by a radical-dimerisation process: 


CHy'CH,OH —~e CHyCH(OH) +H . «ww eee A 
2CHs*CH(OH)* ——t» CHyCH(OH)*CH(OH)'CH, . « - + - (i) 


Reaction (A) describes the overall primary process in the absorption of the radiation 
energy. 

It has been suggested? that ionising irradiation of polar liquid radiations leads in 
general to the primary formation of negative and positive polarons. Hayon and Weiss ® 
interpreted their results for aqueous systems on this basis and it has been discussed from a 
theoretical viewpoint.” 

However, the positive and negative polarons in ethanol, (CH,°CH,-OH)* and 
(CH,°CH,*OH)~-, may be more subject to self-decomposition than those in water, in view of 
the lower polarity of the solvent and of their more complex structure, and they may 
dissociate to some extent, e.g. : 


(CHs*CH,"OH)+ ——w CHyCH(OH)) + Ht 2 ww eee 
(CHs*CH,OH)- —w CHyCHO--+H ........ 
CHs°CH,°O- + Ht —t CHy'CHyOH . ss Sa alg ie TR 


although the experimental results suggest that (CH,°CH,°OH)~ will react normally 
preferentially with protons, thus: 


(CHs*CH,‘OH)~ 4- Ht —t H+ CHyCHyOH ww wwe ee CS) 


One cannot at present eliminate the possibility of a small contribution from excited 
ethanol molecules which may give radicals: 


CH,°CH,-OH* — CHyCH(OH)? +H . . . . 2... ©} 
or molecular products: 
CHyCHyOH® <= CHCHO+H, . 2. 5 eee et @ 


Burr § found that the percentage of deuterium in the hydrogen obtained on y-irradi- 
ation of CH,°CD,°OH or CH,°CH,*OD was about 40%, whereas it was only about 4% in 
the irradiation of CD,*CH,°OH, which supports the mechanism postulated above. 

Conclusive evidence of an ionic mechanism for the primary process in the irradiation of 
alcohols is not yet available, although the results obtained from the irradiation of deaerated 
solutions of ethanol with solutes of different electron affinity seem to provide some support 
for the above mechanism. Table 3 and Fig. 3 show that the decrease in the yield of 
hydrogen with increasing solute concentration in the solute concentration range from 
10° to 1-0m is almost the same for chloroacetic acid, glycollic acid, and 2-chloroethanol, 
whereas the behaviour of acetic acid is rather different. 

It is suggested that in the presence of, e.g., chloroacetic acid (and similarly with the other 
solutes which can act as strong electron-acceptors) the negative polarons are captured by 
the solute to give Cl- and -CH,°CO,H radicals: 


(CH°CH4°OH)~ + Cl*CHy*CO,H — Clim + *CHy’CO,H +- CHy'CHyOH . . . . (8) 


In acetic acid, however, the yield of hydrogen in >10™1m-solutions also decreases with 


® Lea, “‘ Actions of Radiations on Living Cells,” Cambridge University Press, London, 1946; Weiss, 
Ann. Rev. Phys. Chem., 1953, 4, 143; Platzman, Radiation Res., 1955, 2, 1. 

7 Weiss, Nature, 1960, 186, 751. 

* Burr, jun., footnote (c), Table 4. 
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further increase in acetic acid concentration, seeming to indicate that at these higher 
concentrations acetic acid can react with the polarons to give different products, viz.: 





— CH,°CO* + OH- + CHs'CHOH. . . (9a) 
CHs°CO,H + (CHs*CH,*OH)~ — CH;'C'O0- ++ H+ CHyCHYOH . . (9b) 
Lape CHyCO- + OH + CHyrCH,OH. . . (9c) 





In support of this, it was found that irradiation of M-acetic acid in ethanol leads to increased 
vields of aldehyde and the formation of biacetyl (CH,°CO), (detected by paper chrom- 
atography of the 2,4-dinitrophenylhydrazone). No biacetyl was formed in <10™n-acetic 
acid. Similarly, on y-irradiation of pure deaerated 2-chloroethanol the yields were reduced 
to G(H,) 0-75 and G(C1-) 4-0, the sum of the two being approximately equal to the hydrogen 
yield (G ~ 4-86) obtained on the irradiation of pure deaerated ethanol (Table 1). 


Fic. 4. Dependence of the formation of acetaldehyde on time of irradiation (®°Co y-rays) of ethanol in air- 
saturated (C1) and oxygen (1 atm.)-saturated solutions (J) and in irradiations by X-rays (200 kv) in 
air-saturated solutions (A). 
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In the absence of added solutes, the CH,-CH(OH): radicals formed react to give 
acetaldehyde and butane-2,3-diol and the hydrogen atoms normally dehydrogenate an 
ethanol molecule on the «-carbon atom: 


H ++ CHg°CHy°OH —w H, ++ CHyCH(OH)) «ww wee NO) 


Irradiation of ethanol in the presence of oxygen gives G(H,) ~ 1-73 for an air-saturated 
solution and G(H,) ~ 1-41 for an oxygen-saturated solution (Table 2). This indicates that 
there is competition between ethanol and oxygen for hydrogen atoms, 7.e. reaction (10) 
competing with: 

M4 Opa MOy «6 ttt te ee OD 


It is interesting that {G(CH,-CHO) — G(H,)} = G(H,O,) for both air-saturated and oxygen- 
saturated liquid ethanol (Table 2). This means that the yield of aldehyde formed by the 
radical processes is equal to the yield of hydrogen peroxide. This, however, does not 
allow a decision whether the hydrogen formed in oxygenated solutions is produced by a 
radical process (eqn. 10) or by molecular decomposition of excited molecules (eqn. 7). 

On X- and y-irradiation of liquid ethanol in the presence of oxygen (Fig. 2, Table 2) the 


3968 Hayon and Weiss: The Chemical Action of Ionising 


initial yields of acetaldehyde and hydrogen peroxide are lower in oxygen (1 atm.) than 
in air-saturated solutions. This difference can be explained if one assumes that some 
other oxidation product is also formed. The formation of this product, thought ® to be 
acetic acid, was found to depend on the actual concentration of oxygen in the solution, since 


Fic. 5. Formation of hydrogen peroxide on irradiation (®°Co y-rays) (1-6 x 10% ev ml.-! min.~!) of ethanol 


in air-satuvated (CQ) and oxygen-saturated (@) solutions and from irradiation (X-rays, 200 kv) of 
air-saturated solutions (A) (1:34 x 106 ev ml.-! min.~}). 
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the yields of acetaldehyde and hydrogen peroxide increased on prolonged irradiation, 
after the oxygen has been partly used up. Fig. 4 shows the dependence of the yield of 
acetaldehyde on radiation dose in the y-ray irradiation of ethanol, in the presence of air 
and oxygen (1 atm.); Fig. 5 shows the corresponding yields of hydrogen peroxide. From 
Figs. 4 and 5 it can be seen that for air-saturated ethanol the yields go through a 
maximum with increasing radiation dose. However, in oxygen-saturated ethanol, the 
yields of these two products increase with increasing dose. Almost identical yields were 
obtained on irradiation with X-rays (200 kv) although the dose rate here was approxim- 
ately 10 times greater than of the y-rays (Figs. 4 and 5). 

The following scheme of reactions is suggested to account for the yields of the products 
in irradiations of ethanol in the presence of oxygen: the negative polaron (CH,°CH,°OH)~ 
may either give hydrogen atoms [reaction (5)] or react with oxygen: 


(CH3*CH,*OH)~ + O, —t O,~ + (CHg°CH,"OH) . . . «. ~~ ~ (12) 
The formation of acetic acid could occur by dehydration of a hydroperoxide formed: 


CH,*CH(OH) ++ O, —BICHyCHOH ww wwe eee ND 
OO: 
°,- 
CHsCH*OH — CHyCHOH +O, . . . . . 2 ee (IA) 
0-0: O-O- 
H 
ee ee ae eS 


O:0- 








a? Bach, ref. (a), Table 4. 
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The sequence of reactions (13—15) and (12) also accounts for the effect of the oxygen 
concentration upon the yields of acetaldehyde and hydrogen peroxide. 

In the presence of air or oxygen the yields obtained on irradiation of ethanol were of the 
same order for both X- and y-radiation (Table 2). 


EXPERIMENTAL 


Irradiation Technique.—The X-ray source was a Victor Maximar X-ray therapy set, stripped 
of all filters and operating at 200kv and 15 ma. For the irradiations with y-rays a 500-c ®Co- 
source was used, the irradiation arrangements being similar to those described by Ghormley and 
Hochanadel.!° 

The rate of energy absorption in the various irradiation positions was calculated from the 
measured rate of a ferrous sulphate dosimeter, in a similar irradiation vessel containing an air- 
saturated solution of 10%m-ferrous sulphate in 0-8N-sulphuric acid. The concentration of 
Fell! was determined by a S.P. 500 ‘‘ Unicam ” spectrophotometer at 304 my. The extinction 
coefficient in 0-8N-sulphuric acid was taken as e = 2220 at 25°, and the yield of ferrous oxidation 
as G(Fe!!!) = 15-5 molecules per 100 ev of energy absorbed by the solution. 

Cormack and Johns" and Spiers !* suggested that the average value of the energy of 
the electron produced from 200 kv X-ray therapy sets is of the order of 60 kv. Under such 
conditions, the Compton and photoelectric effect for energy loss in water would be of about 
equal importance. The real electronic absorption coefficient of ethanol relative to 0-8N- 
sulphuric acid was calculated to be 0-67. This value is based on the assumption that the 
energy flux of the photon beam is the same for both, and that one may take the ratio of the 
absorption coefficients for the two liquids. For ®Co y-radiation the ratio of the densities 
(0-78) of ethanol to 0-8Nn-sulphuric acid was taken. 

Absolute ‘“‘ AnalaR ”’ ethanol (40 or 25 ml.) was contained in Pyrex irradiation vessels that 
had been washed with sulphuric-nitric acid, rinsed many times with triply distilled water, 
followed by alcohol, placed in an oven at ~100°, and rinsed again with ethanol. Addition of 
1% of water did not change the yield of hydrogen obtained on irradiation with y-rays. 

For the irradiations of frozen alcohols, round-bottomed cylindrical Pyrex vessels were 
placed inside Dewar vessels containing liquid nitrogen. 

Evacuation of the solutions to 10 mm. Hg (measured by a Pirani guage) was effected with a 
three-stage mercury-diffusion pump backed by a two-stage oil-pump. For experiments in the 
presence of oxygen, gas (British Oxygen ‘‘ Medical ’”’ grade) was bubbled through the solution 
for about 45 min., after which the vessels were closed. Correction for loss of alcohol was made. 

Gas Analysis.—The gas formed on irradiation of deaerated ethanol was pumped from the 
vessels by means of a Tépler pump, through a trap containing liquid nitrogen. The volume of 
gas was measured on a semimicro-burette, then collected in a gas-sampling vessel. Analyses 
were carried out by mass-spectrometry (we are obliged to Mr. P. Kelly for this work). 

In the irradiation of air-saturated and oxygen-saturated ethanol, where it was necessary to 
measure small quantities of hydrogen, in the presence of relatively large amounts of nitrogen and 
oxygen, the gas from the irradiation vessels was passed through a charcoal trap kept at liquid- 
nitrogen temperature. Almost all the oxygen and most of the nitrogen were removed in this 
way. The charcoal used (B.D.H. Ltd.) was activated by evacuation at ~300°. Experiments 
with known amounts of hydrogen showed a loss of +4% on passage of the gas over a charcoal 
trap at — 196°. 

Determination of Acetaldehyde.—This was based on Friedman and Haugen’s method using 
2,4-dinitrophenylhydrazine, in the modified form reported by Johnson and Scholes." 

Determination of Butane-2,3-diol_—Butane-2,3-diol was determined py the liberation of 
acetaldehyde on treatment with periodate. Potassium periodate (0-5 g.) and concentrated 
sulphuric acid (2 ml.) were added to a 50 ml. aliquot part. The acetaldehyde formed was 
steam-distilled in vacuo at 40° and the distillate collected in a 0-25% w/v solution (20 ml.) of 
2,4-dinitrophenylhydrazine in 30% w/v perchloric acid (kept at 2°), as used in the acetaldehyde 
determination. An accuracy of up to +10% was obtained with standard glycol solutions. 


10 Ghormley and Hochanadel, Rev. Sci. Inst., 1951, 22, 473. 
11 Cormack and Johns, Brit. J. Radiol., 1952, 25, 369. 

12 Spiers, Discuss. Faraday Soc., 1952, 12, 13. 

13 Johnson and Scholes, Analyst, 1954, 79, 217. 
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Determination of Hydrogen Pevroxide—-The method adopted for the determination of 
hydrogen peroxide was essentially Eisenberg’s.'4 

No hydroperoxides were formed on irradiation of ethanol in the presence of oxygen, as 
shown by the iodide method of Hochanadel.® 


We thank the Northern Council of the British Empire Cancer Campaign and the Rockefeller 
Foundation for financial support, in respect of this and the following paper. 
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NEWCASTLE UPON TYNE, l. [Received, December 29th, 1960.} 


4 Eisenberg, Ind. Eng. Chem., Analyt., 1943, 15, 327. 
1S Hochanadel, J. Phys. Chem., 1952, 56, 587. 


773. The Chemical Action of Ionising Radiations on Simple Aliphatic 
Alcohols. Part II. Irradiation of Methanol in the Absence and in 
the Presence of Oxygen in the Solid and in the Liquid State. 


By E. Hayon and J. J. WEIss. 


The chemical action of ionising radiations (*°Co y-rays and 200 kv X-rays) 
on methanol has been investigated in the presence and in the absence of 
oxygen, at 20° and at —196°. The reaction mechanism described is 
essentially similar to that proposed for ethanol (Part I), the radiation- 
induced reactive intermediates being formed by the dissociation of the 
primarily formed polarons (CH,-OH)~ and (CH,°OH)”*. 


THE radiation chemistry of pure liquid methanol has been the subject of several recent 
investigations. McDonell and Newton? studied the action of 28 Mev helium ions, and 
McDonell and Gordon ® the effect of Co y-radiation. Meshitsuka and Burton? dealt 
with the y-irradiation of methanol in the presence of iodine, and Adams and Baxendale ® 
with the same system in the presence of ferric salts and benzoquinone. The effect of 
y-irradiation on different methanolic solutions was also briefly reported by Lichtin.® 
Radiolysis of liquid methanol in the absence of oxygen was found to yield formaldehyde, 
ethylene glycol, and hydrogen as the main products with minor amounts of methane and 
carbon monoxide and traces of ethane and ethylene. The present work was carried out 
with the object of comparing the initial yields obtained in the irradiation of methanol with 
6°Co y-rays and X-rays (200 kv), im vacuo and in air- and oxygen-saturated solutions in 
the liquid and the frozen state. 


TABLE 1. Initial yields (G-values) of the products obtained on radiolysis of pure deaerated 
methanol in the liquid (20°) and in the solid state (—196°) with Co y-rays (1-60 « 10% 
ev ml. min.) and X-rays (200 kv) (1-43 = 10!6 ev ml. min.*). 


CH,O (CH,°OH), H, CH, co 

NE MP rn ucdasdiesinteiectabaeseiaienla viek 1-41 2-43 4-1 0-39 0-13 

APE, AE eetinetinionanes 0 3-31 3°84 0-51 0-25 
RESULTS 


Deaerated Systems.—Irradiations were carried out in Pyrex glass vessels, cleaned and dried 
as described in Part I.1_ The yields of hydrogen, formaldehyde, and ethylene glycol formed by 


1 Part I, preceding paper. 

2 McDonell and Newton, J. Amer. Chem. Soc., 1954, 76, 4651. 
3? McDonell and Gordon, /. Chem. Phys., 1955, 28, 208. 

* Meshitsuka and Burton, Radiation Res., 1958, 8, 285. 

* Adams and Baxendale, ]. Amer. Chem. Soc., 1958, 80, 4215. 
® Lichtin, J. Phys. Chem., 1959, 63, 1449. 
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Radtations on Simple Aliphatic Alcohols. 


the ®Co y-irradiation of deaerated liquid methanol as a function of dose are shown in Fig. 1; 
similar linear relations were obtained in all cases at lower doses with both X- and y-rays. 
Table 1 gives the initial yields (G-values) of the products from irradiations (X- and y-rays) 
of deaerated methanol in the liquid (20°) and the frozen state (—196°). At —196°, with either 
X- and y-rays, no formaldehyde was found and the yield of ethylene glycol was appreciably 
increased, whereas irradiation of frozen ethanol gave both acetaldehyde and butane-2,3-diol.} 
In the Presence of Oxygen.—tin the irradiation of air-saturated and oxygen-saturated (1 atm.) 
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liquid methanol, the products found were formaldehyde and hydrogen peroxide, with smaller 
amounts of hydrogen: no ethylene glycol could be detected. Fig. 2 shows the dependence of 
the yields of formaldehyde and hydrogen peroxide on radiation dose for air and oxygen- 
saturated liquid methanol. As from ethanol, the initial yields of oxidation products are higher 
in air-saturated solutions both for X- and for y-rays (Table 2). 


Fic. 2. Dependence of the formation : 
of formaldehyde and hydrogen per- lic. 3. Dependence of the products on the time 
oxide on time of irradiation (®Co of irradiation (Co y-vays) of methanol in 
y-vays) of pure methanol at 20° at the presence of air at constant dose rate 1-6 
constant dose rate 1-6 x 10% ev < 10% ev ml.-? min.*}. 
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In the irradiation of frozen methanol at — 196° in the presence of oxygen, no formaldehyde 
was detected whereas ethylene glycol was found. This is somewhat surprising and may be 
partly due to the relatively low solubility of oxygen in methanol at —196°. 

As from ethanol, the yields obtained by the irradiation of air-free liquid methanol with 
y-rays are appreciably lower than those obtained with X-rays, while the yields in the 
presence of oxygen are about the same for both X- and y-rays (Table 2). 





3972 Hayon and Weiss: The Chemical Action of Ionising 


TABLE 2. Initial yields (G-values) of the products of radiolysis of methanol in the 
presence of air and oxygen (1 atm.) in the liquid (20°) and in the frozen state (—196°). 
(y-Rays: 1-60 x 10% ev ml.1 min.+. X-Rays: 1-43 x 10! ev ml.+ min.1.) 





y-Irradiation X-Irradiation 
At 20° il te At 20° At —196° 

Products Air-satd. O,-satd. Air-satd. O,-satd. Air-satd. O,-satd. 
GU . catcedivendiens 4-28 3-78 4-15 3-67 -— -— 
(-CH,-OH), ......... — — — — 2-65 2-53 
ot ee 2-89 2-69 3-08 2-94 2-38 2-14 
TE | tebscnscsseseccxes 1-41 1-28 2-10 1-50 1-76 1-50 

TABLE 3. Comparison of the yields obtained in the radiolysis of methanol. 
Radiation G(H,) G(CH,) G(CO) G(CH,O) G(glycol) Ref. 

28 Mev He ions 3°46 0-36 0-23 1-67 1-75 2 
Co y-Rays 4-0 0-24 0-16 1-3 3-0 3 

‘a 5:39 0-54 0-11 1-84 3°64 4 

“9 41 1-23 0-15 2-05 31 5 

a 4-53 —- — 1-9 2-9 6* 

4-1 0-39 0-13 1-41 2-43 Present work 


* 2 Mev Van de Graaf electrons gave essentially the same products. 


DISCUSSION 


Table 3 shows the yields of products obtained in various laboratories on radiolysis of 
methanol. The large discrepancies are probably due partly to the different analytical 
methods employed and, perhaps more importantly, to the quality and purity of the 
methanol used. 

The primary processes in the absorption of ionising radiation by methanol are pre- 
sumably similar to that given for ethanol. Some results reported by Meshitsuka e¢ al.’ 
for the y-irradiation of liquid CH,-OD showed that the deuterium content in the hydrogen 
gas was about 38%. This supports the suggestion that the radiolysis of methanol may 
involve dissociation of primarily formed polarons: 


(CHs'OH)t ——w “<CHYOH ++ HE. 2 ww eee ee 
(CHyOH)- —— CH,O-+H . 2... 1. eee es @ 
(CHyOH)- + Ht+——w H+CHOH ......... @ 
CHyO- + Hheamestis COM 2 ww tt tl kl tl & 


In the absence of added solutes the -CH,°OH radicals can recombine or disproportionate, 
to give ethylene glycol or formaldehyde, respectively: 


2 *CHyOH ——B ("CHyOH), © - - ss ee ee 5) 
*CHs"OH + *CHy;OH ——® CH,O+CHyOH . . - . . - +. -s © 
i However, it was shown that in the photolysis of methanol vapour § formation of formalde- 


hyde requires a relatively high activation energy and can compete with that of ethylene 
glycol only at temperatures above 400°. For this reason, Phibbs and Darwent ® proposed 
the reaction 

‘CHyOH ——B CHO+H . . 1... eee ee & 


7 Meshitsuka, Ouchi, Hirota, and Kusumoto, J. Chem. Soc. Japan, 1957, 78, 129. 
8 Phibbs and Darwent, J. Chem. Phys., 1950, 18, 495. 
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to account for the formation of formaldehyde under these conditions. Reactions (1)—(5) 
would also explain the radiation chemistry of liquid methanol, in particular the fact that 
ethylene glycol is formed instead of formaldehyde on y-irradiation at —196° of frozen 
methanol. 

On irradiation of liquid methanol, as of ethanol, the initial yields of formaldehyde and 
hydrogen peroxide are lower in oxygen- than in air-saturated solution for both X- and 
y-rays (see Table 2), perhaps because some other oxidation product is formed to a greater 
extent in oxygen. This further product, presumably formic acid, was shown to be 
dependent on the concentration of molecular oxygen present in the solution. Fig. 3 shows 
the dose-dependence of the yield of formaldehyde and hydrogen peroxide in the y-ray 
irradiation of air-saturated liquid methanol. At the higher radiation doses the yield of 
formaldehyde starts to increase; at this stage, the formation of formic acid is reduced, 
owing to a lower oxygen concentration in the solution. 

The following reactions are suggested to account for the products formed in the 
irradiation of (liquid) methanol in the presence of oxygen: 


(CHyOH)~ + O,——@ O,°+CHsOH .... 1... . @ 
SL re 
*CH,°OH + HO ——m CHO+H,O,. . . . . ~~. . (10) 


Formation of molecular hydrogen may also proceed to some extent by dehydrogenation 
of the methanol by hydrogen atoms, particularly at.lower oxygen concentrations, as 
discussed in Part I. The formation of formic acid could occur again through the hydro- 
peroxy-radical, viz. : 


CHysON 4 O.COM . 2 we tt a 
“O- 
CHyOH + O,- —® CHYOH+ 0, . . . . ... . 
"O- “-O-- 
H+ 
CHyOH ——P HCOWH+ HO. . . . . . . . (13) 
0-0- 


The decrease: in the yields of formaldehyde and hydrogen peroxide with increasing 
oxygen concentration could be explained if reaction (12) occurred in preference to 
reaction (10). 

In the irradiation of air- and oxygen-saturated methanol at —196°, ethylene glycol, 
hydrogen peroxide, and hydrogen were the only products found (no formaldehyde). 
This is in keeping with the assumption that reaction (7) has a relatively high activation 
energy. 


Experimental.—The techniques used were those described in Part I.! 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF DURHAM, KING’s COLLEGE, 
NEWCASTLE UPON TYNE, l. [Received, December 29th, 1961.] 
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774. Influence of Counter-ion Fixation on Molecular Weight and 
Shape of a Polyelectrolyte. 


By P. Bucuner, R. E. Cooper, and A. WASSERMANN. 


Weight-average molecular weights My, interaction constants B, radii of 
gyration p, and viscosity numbers of sodium, potassium, and magnesium 
alginates have been measured. On passing from the sodium to the magnes- 
ium salt, My and p increase, while B decreases. These changes occur if 
magnesium alginate is prepared in the gel phase, where the polyanions are 
close together. If the sodium-—magnesium ion exchange is carried out in 
dilute solution, a different magnesium alginate, of lower molecular weight, is 
obtained. On conversion of sodium alginate gel into potassium alginate, 
My and B do not change significantly. Electrical conductance and transfer- 
ance measurements, made with sodium and magnesium alginate solutions, 
show that the fraction of free counter-ions in magnesium alginate is relatively 
small. These results, together with the influence of chemical and physical 
conditions on the viscosity numbers of these polyelectrolytes, show that 
magnesium alginate prepared under appropriate conditions is characterised 
by larger and more compact polymeric anions and by stronger counter-ion 
bonding than occur for sodium alginate. An attempt is made to explain 
these observations. 


VISCOMETRIC investigation of solutions containing polyacids,! polybases,? or poly- 
ampholytes * has shown that the molecular shape of polyelectrolytes depends on the pH. 
It was established,* further, that the pH influences also the macroscopic properties of the 
fibres made from the polyacids, the solution behaviour of which had been investigated. 
Some of these effects are a confirmation of a hypothesis due to Meyer.® 

Under biological conditions, polyelectrolytes are frequently in contact with buffered 
solutions. It is of interest, therefore, to find out whether stoicheiometrically defined, 
simple, and reversible reactions, which do not involve an alteration of pH, can change the 
shape of polyelectrolytes on a molecular and macroscopic level. For this reason solutions 
of sodium alginate ® and fibres 7 made from various alginates have been studied, and it has 
been found that the replacement of multivalent by univalent counter-ions affects the 
molecular shape of the alginate, which in turn influences the small-angle X-ray scattering, 
macroscopic length, birefringence, and elastic properties of the fibres. The effects are 
interpreted as being due to the rupture of salt bridges formed between adjacent alginate 
chains by the multivalent counter-ions, thereby producing “‘ melting ’’ of ordered zones, 
an effect which also operates in the non-isothermal shrinkage of collagen ® and in the con- 
traction of oriented keratin, epidermis protein or fibrin,® fibrous natural rubber,!® or 
Polythene." ; 

1 Kuhn, Kuenzle, and Katchalsky, Bull. Soc. chim. belges, 1948, 57, 421; Hermans and Overbeek, 
ibid., p. 154; Rec. Trav. chim., 1948, 67, 761; Katchalsky, Kuenzle, and Kuhn, J. Polymer. Sci., 1950, 
5, 283; cf. Staudinger, ‘“‘ Die hochmolekularen organischen Verbindungen,” Springer, Berlin, 1932, p. 
363; Staudinger and Trommsdorff, Annalen, 1933, 502, 201; Kern, Z. phys .Chem., 1938, A, 181, 283. 

* Fuoss and Strauss, J. Polymer Sci., 1948, 3, 602; Ann. New York Acad. Sci., 1948, 51, 836; 
Fuoss, J. Polymer Sci., 1948, 3, 603; Fuoss and Cathers, ibid., 1949, 4, 112. 

8 Katchalsky, J. Polymer Sci., 1951, 7, 393. 

* Kuhn, Experientia, 1949, §, 318; Katchalsky, ibid., p. 319; Breitenbach and Karlinger, Monatsh., 
1949, 80, 312; Kuhn, Hargitay, Katchalsky, and Eisenberg, Nature, 1950, 165, 515; cf. Flory, ‘‘ Principles 
of Polymer Chemistry,”’ Cornell Univ. Press, 1953, p. 584. 

5 Meyer, Biochem. Z., 1929, 214, 272. 

* Harkness and Wassermann, /., 1952, 497. 

7 Mongar and Wassermann, Nature, 1947, 159, 746; Discuss. Faraday Soc., 1949, 7, 118; J., 1952, 
500; MacArthur, Mongar, and Wassermann, Nature, 1949, 164, 110. 

® Gustavson, ‘‘ The Chemistry and Reactivity of Collagens,” Academic Press, New York, 1956, p. 
211. 

* Rudall, Symposium on Fibrous Proteins, Soc. Dyers and Colourists, 1946, 62, 15. 

10 Oth and Flory, J. Amer. Chem. Soc., 1958, 80, 1297. 

11 Mandelkern, Roberts, Diorio, and Posner, J]. Amer. Chem. Soc., 1959, 81, 4148. 
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These experiments are mentioned because they show that the solution properties of 
polyacids fully neutralised by uni- and bi-valent counter-ions are of interest. It is 
important to compare the counter-ion association in such systems, and to find out whether 
the nature of the counter-ion influences the size and shape of the polyanion. Such an 
investigation is now described. As in the earlier work,®’? the polyelectrolyte was an 
alginate, the repeating units of which are D-mannuronic and 1-guluronic acid residues.! 
The counter-ions were sodium, potassium, and magnesium. The last was chosen because 
magnesium alginate is soluble in water, while most alginates containing multivalent 
counter-ions are insoluble gels. Similar precipitates are formed if other polyacids are 
completely neutralised with bivalent cations.!% 


EXPERIMENTAL 


Commercial sodium alginate was freed from heavy-metal impurities by treatment with ion- 
exchange resins in the sodium form or with a dilute solution of the sodium salt of ethylene- 
diaminetetra-acetic acid. Some samples were dissolved in 0-1m-sodium chloride, centrifuged, 
and fractionally precipitated by gradual addition of ethanol or of 4m-sodium chloride. The gels 
were centrifuged off, washed free from permeant electrolytes with aqueous ethanol or acetone, 
and driedin vacuo. Four types of magnesium alginate were prepared. (1) Fully swollen alginic 
acid, obtained from commercial sodium alginate and N-hydrochloric acid, was treated with an 
equivalent quantity of moist magnesium carbonate. (2) Solid commercial sodium alginate was 
treated with 2mM-magnesium acetate, the alginate concentration during the cation exchange 
being about 7 equiv. per 1. of gel. When the sodium was completely replaced, permeant 
electrolytes were removed by dialysis against aqueous acetone; the magnesium alginate was 
precipitated with acetone, centrifuged off, and dried as described above. (3) 0-2—0-4% 
Solutions of magnesium alginate, of type (2), either in water or in 0-01—0-04m-magnesium 
chloride, were centrifuged for 4 hr. at 2 x 104 g and 20°, then a small quantity of precipitate 
that separated was discarded; analyses and other tests showed that this precipitate was a 
magnesium alginate of relatively high molecular weight, not animpurity. (4) Solutions (0-1— 
0-3%) of commercial sodium alginate in water or in 0-1N-sodium chloride were dialysed against 
0-01—0-04m-magnesium chloride until complete cation exchange had occurred. Potassium 
alginate was prepared as magnesium alginate, type (2), except that 2m-potassium acetate 
was used. In experiments in which alginate solutions free from permeant electrolytes were 
used, dialysis was continued until the specific electrical conductance of the outside solution 
was below 10°Q1! cm... In some of these dialyses the stirred outside solution contained a 
mixed ion-exchange resin of the type used for the simultaneous removal of cationic and anionic 
impurities. - 

Analysis of the alginate showed that 1-00 equivalent of permeant sodium, potassium, and 
magnesium was combined with 1-00 equivalent of alginate.* In carrying out the transference 
tests, sodium was determined flame-photometrically, after alginic acid had been removed by 
precipitation with 2N-hydrochloric acid, the excess of which was evaporated from silica beakers. 
Magnesium was titrated with disodium dihydrogen ethylenediaminetetra-acetate at pH 10 
(ammonium chloride—-ammonia buffer), with Eriochrome Black T as indicator. Alginate con- 
centrations were determined as follows. The solution was added, with stirring, to an excess of 
a nearly saturated calcium chloride solution, thereby precipitating calcium alginate; this was 
washed free from soluble electrolytes and dissolved in an excess of EDTA, the pH being 
adjusted to 10 with the buffer mentioned above. The EDTA which was not consumed in the 
reaction with calcium alginate was back-titrated with magnesium chloride. All these analyses 
were made on a weight basis. The accuracy of the sodium determinations was +1% and that 
of the magnesium and alginate analyses + 0-2—0-5%. 

For light-scattering tests, 0-2—0-4%, solutions of sodium, potassium, or magnesium alginate, 
of type (1) or (3), in 0-1M-sodium or -potassium chloride or 0-01—0-04m-magnesium chloride were 


* Equivalents of alginate or alginate normalities (see below) were deduced from titrations; a know- 
ledge of the equivalent weight of alginic acid is not required. 


12 Hirst, Jones, and Jones, J., 1939, 1880; Astbury, Nature, 1945, 155, 667; Fischer and Doerfel, 


Z. physiol. Chem., 1955, 302, 186. 
18 Deuel and Solms, Kolloid Z., 1951, 124, 65; Wall and Drenan, J. Polymer. Sci., 1951, 7, 83. 
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centrifuged as specified above. The middle portion of the centrifuged solution was removed 
by a pipette, which operated without disturbing a precipitate. In some tests the centrifuged 
solution was filtered, under slight over pressure, through sintered glass (porosity 3 or 4). 
Solutions of magnesium alginate of types 2 and 4 were not in all cases centrifuged, but were then 
either filtered through sintered glass or prepared from dust-free starting materials. Magnesium 
alginate of type 4, for instance, was made by dialysing a dust-free centrifuged sodium alginate 
solution from a dust-free semipermeable container. Pipettes, filters, and light-scattering 
cells were rinsed with dust-free acetone and dried under conditions preventing contamination. 
Solutions were checked for purity by observations at low angles, relative to a light beam focused 
on the centre of the light-scattering cell. 

Calibration of the Brice—Phoenix light-scattering instrument has been described.'* The 
Cabannes correction factors were determined but were found to be not significant. Direct 
transmission measurements were carried out with cells of optical path-lengths between 1-0 and 
10 cm. and a Unicam S.P. 500 instrument, the precautions mentioned by Doty and Steiner ¥ 
being observed. Refractive-index increments were determined in a Rayleigh interferometer 


? 


Fic. 1. Anode used for transference measurements with 
alginate solutions. (1) Platinum sheet 1 x 1 cm., 
connected to battery; (2) platinum scraper not con- 
nected to battery. The glass tubing (3) and (4), held 
together by a rubber band, dipped loosely into a 
circular opening of the anode compartment of the 

W transference cell. Contamination by dust was 

2 avoided by a paper shield over the apparatus. 

















modified for measurements with monochromatic light. Viscosities were measured in a Flory 
viscometer !* in which the rate of shear, G,,,,, could be varied from 2000 to 200 sec.“!, or ina 
Couette instrument, covering shear rates from 20 to 0-5 sec.1. Rates of shear, designated 
below by G, were either measured in the Couette viscometer or they were Gy, values 
multiplied by 2/3. 

The transference cell was of the horizontal type; 1*18 the two compartments were separated 
by a sintered-glass disc of 3-0 cm. diameter and the distance between the electrodes was 
13-5cm. The transference cell was mounted on a frame which could be removed from a water- 
thermostat bath without much vibration. The total quantity of electricity which passed 
through the transference cell was calculated from current-time observations and frequently 
checked with a calibrated gas-coulometer. The potential across the electrodes was measured 
with a voltmeter. The current was kept constant by adjusting a rheostat in series with the 
transference cell. The anode is shown in Fig. 1. Precipitation of alginic acid during the 
electrolysis occurred on the scraper rather than on the electrode. If the anode becomes coated 
with alginic acid (which occurred in tests without the scraper) adjustment of the current, as 
mentioned above, is not possible. The cathode was a square platinum sheet (1 x 1 cm.); in 
experiments with magnesium alginate it was not significantly coated with hydroxide, which 
was precipitated at the bottom of the cell. At the end of the transference measurements 
precipitates in the anode and the cathode compartment were dissolved by adding known 


144 French, Roubinek, and Wassermann, /., 1961, 1953. 

18 Doty and Steiner, J. Chem. Phys., 1950, 18, 1214. 

16 Fox, Fox, and Flory, J. Amer. Chem. Soc., 1953, 75, 1901. 

17 Huizenga, Grieger, and Wall, J. Amer. Chem. Soc., 1950, 72, 2636; Wall, Ondrejcin, and 
Pikramenou, ibid., 1951, 78, 2821; see also Martin and van Winkle, J. Phys. Chem., 1959, 68, 1539. 

18 Wall, Terayama, and Techakumpuch, J. Polymer Sci., 1956, 20, 477. 
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quantities of standard alkali or acid; back-titration after complete dissolution (which some- 
times required several hours, although the solution was stirred) indicated the pH changes. 
Weighed portions of the neutral solutions were used to determine the sodium, magnesium, and 
alginate content. The results, together with a knowledge of the concentration of the original 
solution and of the weight of the solution in the anode and the cathode compartment, enabled a 
calculation to be made of the net change of sodium, magnesium, and alginate. The specific 
electrical conductances of the alginate solutions were measured by means of a conventional 
A.C. bridge, operating at 10° cycles sec.*}. 

Calculations.—If the solution contained water (component 1), alginate (component 2), and 
permeant chloride (component 3), the weight average molecular weight My of the alginate 
was calculated from 
Ke, 1 


Ro ” (1 — D)? (A + 2Be,), - 


_ On/écy Msg ag 





7 On| OC, My 433 (2) 
1 1 
d My = ——> 
an MM w A Po (3) 


where K is a constant, depending on the wave length, A, of the incident light and on the 
refractive indices n, and n of solvent and solution, Rg is the Rayleigh ratio at angle 6, corrected 
for light scattered by the solvent, c; is the concentration of component, j, M, is the molecular 
weight of the permeant chloride, and aj, is given by (1/RT)(@yj;/Om,), pj and m, being the 
chemical potential and molarity of the component indicated by the subscript; @n/écj and aj, 
were calculated from refractive indices previously }® determined and from those listed below 
and from membrane equilibria of sodium, potassium, or magnesium alginate in solutions of 
sodium, potassium, or magnesium chloride.* The correction factor (D — 1)* is 1-3 + 0-1 for 
sodium or potassium alginate in 0-100M-sodium or -potassium chloride, 1-1 + 0-1 for sodium 
alginate in 0-500Mm- or 1-00mM-sodium chloride, and for magnesium alginate in 0-02—0-04m- 
magnesium chloride. The particle scattering factor, P(6), was calculated from the intrinsic 
dissymmetry, [Z’], if it was below 1-6. The alginates were taken to be polydisperse coils, the 
difference between linear and branched structure not being significant *4 in this range of [Z’] 
values. If the intrinsic dissymmetries were larger than 1-5, the Mw and B values were 
calculated without estimation of P(6), by extrapolation of Rg to zero angle. If the molecular 
weight of magnesium alginate was sufficiently large it was also computed from 


He, 1 . 
= = —— 2Bc,» 4 
: war (4) 
where H is (16x/3)K, + is the turbidity of the solute, determined by direct transmission measure- 
ments, and Q is the particle dissipation factor. If (Hc,/t),,_, is plotted ®* against (m,/)?, the 
intercept of the resulting graph gives 1/My. The interaction constant, B, is given by 
2B = [@ (Keq/Ro)/@c2)2.- sma 3, « 2B = [8 (Heq/t)/Ocq)4 Pesan (5) 


¢; = small 


The Z average radius of gyration, p, was calculated either from dissymmetries *! or from 
e = (r'/4n){3M[@ (Ke,/Rp)/2 sin? 0/2)}8,_, o» (6) 


where 2’ is the wave length of the light in solution. 
If the direct transmission technique was used, p could be estimated from the slopes and inter- 
cepts 2? of graphs of the type shown in Fig. 2. 


* These measurements will be described elsewhere; for the theory of, and application to, light- 
scattering measurements see Strauss and his collaborators.*° 


1® Heydweiller, Ann. Phys., 1913, 41, 505; Kruis, Z. phys. Chem., 1936, B, 34, 13. 

20 Strauss and Ander, J. Amer. Chem. Soc., 1958, 80, 6494; Strauss and Wineman, ibid., p. 2366. 
*1 Beattie and Booth, J. Polymer Sci., 1960, 44, 81. 

#2 Cashin and Debye, Phys. Rev., 1949, 75, 1307. 
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The viscosity number, [y], at a rate of shear G, is defined by 


[n) = [{(n/no) — 1}/¢2).,.»0 = 2,» o» (7) 


where 7 and 7p» are viscosities of solution and solvent. If the solution contained a permeant 
electrolyte, the extrapolations to zero alginate concentration could be carried out by plotting 
the reduced viscosity, Z, against c,. If, on the other hand, the alginates were dissolved in 
water free from permeant electrolytes, the Z values increased rapidly with decreasing con- 
centration down to the lowest c, values at which reliable measurements could be made. No 
definite evidence for a maximum of Z could be observed, but the existence of a maximum at 
lower concentrations than those specified in the heading of Table 4 is not excluded. In attempt- 
ing to estimate [y] in water we followed Fuoss and his collaborators ? in representing Z by 


Z = [A’](1 + B’c,*)] + D’. (8) 


The sum of D’ and A’ is taken to be [y], D’ and A’ being calculated from plots of Z against c.* 
and of (Z — D’) against c,*. The latter graphs, however, are not linear for the systems here 
considered, so that extrapolation to zero concentration is uncertain (see errors specified in 
Table 4). 

The fraction, f,, of counter-ions not associated with alginate is given by 1718 


-_— uel . Gan 5 Ne] (9) 


a 
Ne. K 


where ¢ is the stoicheiometric sodium or magnesium alginate concentration, Qajg is the number 
of equivalents of alginate transferred by N, equivalents of electricity from the anode to the 
cathode compartment, A’, is the equivalent conductivity of the counter-ion, and « is the 
specific conductance of the alginate. A more complicated expression for f, is obtained 1718 
if the equivalent concentrations of counter-ions and polymeric anions are not identical, but this 
case does not occur here. A’, was calculated by a convergent approximation method; !” this is 
based on the assumption that Kohlrausch’s rule of the independent migration of ions is valid 
and makes use of the known conductances of sodium and magnesium chloride of concentrations 
equal to those of the “ free ’’ counter-ions in the alginate solution. 

Resulis.—The refractive-index increments required for calculation of K, én/éc, and H in 


TABLE 1. Refractive-index increment of alginates in solutions of permeant 
chlorides at 20—25°. 


Permeant Alginate Refractive-index increment 
chloride Molarity concn. (100c,) No. of (cm.*/g.) 
Alginate (P) of (P) (ce in g./cm.3) tests 4360 A 5460 A 

Na NaCl 0-100 0-119—0-371 7 0-165 + 0-004 0-163 + 0-004 
NaCl 0-500 0-0950—0-344 5 0-166 + 0-004 0-163 + 0-004 
K KCl 0-100 0-0548—0-263 7 0-160 + 0-004 0-159 + 0-004 
Mg MgCl, 0-0200 0-0324—0-289 6 0-158 + 0-005 0-157 + 0-005 
0-0300 0-0621—0-240 6 0-156 + 0-005 0-154 + 0-005 


TABLE 2. Weight average molecular weight, Mw, interaction constant, B, and radius of 
gyration, p, of sodium alginate in 0-100M-sodium chloride at 25°; 4360 A. 
[Kcq/Roglee—> o = (80 + 7) x 107 mole/g.; Z’=14+401; (1—D)?*=0-784010; Mwy = 
(2-1 + 0-3) x 105; B = (6+ 1) x 10 mole cm.4/g.2; p = 400 + 100 A. 
Concn. of Na alginate (100c,) (g./100 cm.) ... 0-160 0-119  0-0930 0-0650 0-0560 0-0310 


Jj * 8] ";;= ee 983 872 942 805 90-7 854 
i, tal AT NRE ET 1-67 1-47 1:59 1-61 1-56 _ 
eRe RNANR 1-42 1:37 1-35 1-41 1-46 1-38 


eqns. (1), (2), and (4) are listed in Table 1. Typical experiments showing the application of the 
dissymmetry method, extrapolation to zero angle, and results of direct transmission measure- 
ments are in Table 2 and Figs. 2 and 3; and asummary of the light scattering tests is in Table 3, 
which also shows some viscosity numbers of these alginates. The My, B, and p values of 
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magnesium alginate of type 3 were computed by light-scattering and direct transmission 
measurements and it was found that the results agreed within the limits of the experimental 
errors. Magnesium alginate of type 1 was prepared from sodium alginate of molecular weight 
(1-3 + 0-6) x 10°; potassium alginate and the other magnesium alginates were obtained from 
a sodium alginate characterised by the figures in the first line of Table 3. Magnesium alginate 
of type 2 was dialysed against 0-100M-sodium chloride, thereby producing a sodium alginate 
whose My, B, and p values agreed with those of the sodium alginate used as a starting material 
for making the magnesium alginate. The molecular weights of sodium alginate in 0-500m- and 


Fic. 2. Angular light-scattering dependence of magnesium alginate (type 3) in 0-0200M-magnesium chloride 
at 24°; 4360 A: Mw = (12 + 2) x 105, B = (2-0 + 0-5) x 10 mole cm.8/g.2; p = (1600 + 300) A. 























; 5 
sin’ 6/2 + 5O0c (cin g/cm?) 


© Experimental points. @ Extrapolated to zero concentration. (] Extrapolated to zero angle. 
1-00m-sodium chloride and of magnesium alginates of types 2 and 3 in 0-0100m-, 0-0300m-, and 


0-0400M-magnesium chloride agreed with the My values relating respectively to 0-100M-sodium 
chloride and 0-0200M-magnesium chloride. The My values of magnesium alginates of types 2 


TABLE 3. Weight average molecular weights, Mw, interaction constants, B, viscosity 
numbers, (n], and radu of gyration, e, of sodium, potassium, and magnesium alginates. 


Solvent Molarity of 10°B 
= aq.soln. permeant 1eoMwy (mole cm.3/g.?) [»] (dl/g.) 10% (A) 
Alginate of chloride (25—28°) (25—28°) (25-0°) (25—28°) 
Na NaCl 19+05 \ sr 9-4 + 0-2 ’ ’ 
K = sf oo 10+ 0-4 3 ‘ate so 402 3 4401 
Mg, type 1 ) ) 12+2 | 6-6 + 0-2 1-2 + 0-2 
Mg, type 2 |! : 400 + 100 | 7-5 + 0-2 1-6 + 0-3 
Mg. type3{ MgCl, {  0-0200 iw+2 f 0-2 7-3 4 0-2 1-2 4 0-2 
Mg, type 4 J J 22+05 | 7-6 + 0-2 0:8 + 0-2 


and 4 were determined shortly after preparation and after the solutior’s had been kept for 5 
days at 25° (there was no difference). 

Fig. 4 shows the influence of the molecular weight on the viscosity number of sodium 
alginates. The relation can be represented by: 


[yn] = 10-#8 +10 Yyiitos (10) 


The [y] values of magnesium alginate, on the other hand, are practically independent of the 
molecular weight, as shown in the last four lines of columns 4 and 6 of Table 3, indicating that 


[n] = (7-0 + 0-6) x My®e+o2 





(11) 
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A typical concentration-dependence of the reduced viscosity in a solvent containing a permeant 
electrolyte is shown in Fig. 5. The relation *% 


























Reduced viscosity = {[y] + ’’[n]*ca}., = smau (12) 


with k’ between 0-4 and 0-6 holds in most cases. The influence of the ionic strength of the 
solvent on the viscosity number is shown in Fig. 6, this mode of representation facilating com- 
parison with other polyelectrolytes.2, The smallest ionic strengths of the solvent were 0-00643 
(sodium alginate) and 0-00965 (magnesium alginate). Under these conditions, or at higher 
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Fic. 3. Wave-length dependence of turbidity of ——— <a (type 2) in 0-0200M-magnesium chloride 
at 24°. The results relate to c, = 0-00142 g./cm.3; (He/7)A 5.50 90142 = (0-20 + 0-07) x 10-7 mole/g. 
Similar experiments were carried out with c. = 0- 00103, 0-000736, 0-000466 and 0-000322 g./cm.*. 
Extrapolating the relevant intercepts, one obtains (He,/7)A 5° = (0-30 + 0-10) x 10°? mole/g.; Mw = 
(3-3 + 1-0) x 10’, B < 10° mole cm.3/g.2. On plotting (Hc,/t).,-9 against (no/d)*, the slope and 
intercept of the resulting graph is 1-5 x 10-!* mole cm.*/g. and 3 x 10-8 mole/g.; from this it follows ** 
that p = (1400 + 700) A. 


Fic. 4. Functional relation between logarithm of viscosity number, [n], of sodium alginates and logarithm 
of weight-average molecular weight, Mw, in 0-100M-sodium chloride. The approximate experimental 
error of 10g, Mw is indicated by the length of the horizontal lines. [n] is expressed in dl|g. and relates 
to 0-1m-sodium chloride at 25-0°. 


TABLE 4. Viscosity numbers, [n], of sodium and magnesium alginates at different 
rates of shear at 25-0°. 


The weight average molecular wae of the sodium and the magnesium alginate (type 3) were, 
respectively, (1-2 + 0-2) x 105 and (8 + 2) x 105. The [y] values listed under V relate to a solvent 
containing a sodium veronal buffer of ionic strength np’ = 0-00643 and to a magnesium veronal buffer 
of »’ = 0-00965, the pH of both buffers being 7-50. The [n] values listed under W relate to water free 
from permeant electrolytes. Concn. range (g./100 cm.*) of sodium alginate = 0-0141—0-0840 in buffer 
and 0-00230—0-0493 in water; concn. range of magnesium alginate = 0-0133—0-0933 in buffer and 
0-004150—0-0922 in water. At each rate of shear, 4—7 concentrations, in the specified range, were 


tested. 
‘{n] (al/g.) 








Rate of c 
shear (G) Sodium alginate Magnesium alginate 
(sec.~) Vv Ww V WwW 
0-5—20 * 18-2 + 0-9 160 + 30 9-6 + 0-9 180 + 30 
200 18-0 + 0-9 160 + 30 94+ 0-9 100 + 20 
400 17-5 + 0:8 160 + 30 9-4 + 0-9 60 + 10 
600 17-0 + 0-8 160 + 30 9-0 + 0-9 50 + 10 
1000 16-0 + 0-8 135 + 40 8-9 + 0-9 40+ 10 
1400 16-0 + 0-8 125 + 30 9-0 + 0-9 30 + 10 


* In this range, 4—5 different rates of shear were tested; neither in buffer nor in water solution 
was a change of [n] detected. 





*3 Huggins, J. Amer. Chem. Soc., 1942, 64, 271 
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concentrations of the permeant salts, the viscosity numbers were practically independent of the 
rate of shear, as shown for the low ionic strengths in columns 2 and 4 of Table 4. If water, free 
from permeant electrolytes was used, the viscosity numbers, [4], increased considerably.* The 
(y] values of sodium alginate were not sufficiently accurate to prove an influence of the rate 
of shear on them although there is no doubt that reduced viscosities depend on the rate of shear. 
On the other hand, for magnesium alginate, [n] decreases with increasing G values, as shown in 
the last column of Table 4. These results are qualitatively compatible with the assumption 
that the magnesium alginate in water, free from permeant electrolyte, behaves hydro- 
dynamically as a prolate ellipsoid of rotation,f the axial ratios, », and rotary diffusion 
constants, 8, of which can be calculated * from the molecular weights and the viscosity numbers 
given in Table 4 and a partial specific volume * of 0-605 cm. g.-1. The p and 8 values obtained 
in this manner are 4000 + 900 and 26 + 8sec.-1. By using Scheraga’s *? computations in the 
manner indicated by Eisenberg,** [4]¢~—/[y]¢ was calculated and found to agree, within the 


Fic. 6. Influence of ionic strength, p’, on viscosity 
Fic. 5. Reduced viscosity of magnesium number [n] (dl/g.) at 25-0°. 
alginate (type 2; Mw ~10") in magnes- 














ium veronal buffer of ionic strength 
0-00965 at pH 7-50 and 25-0°, with a 2°4- 
vate of shear = 10 sec.“} 
L 2:2 = 
_!3 e - oO 
4 wn = —— 
S, o- SS 206 
>!2r vs val fe} 
7 Oo i 
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Calls rs 
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v 1-6 l i l 1 1 ! 
J Vv 
> lorY ° 4 8 12 
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18 4 KE 2 
L 1 A = 1 (1, Sodium alginate, Mw ~8 x 104, pp’ 0-00643— 
Oo 002 004 006 O08 O10 1-00, sodium veronal buffer (pH 7-50) and NaCl. 
lOO c (e in g./cm?) O, Magnesium alginate (type 3), Mw ~10°, p’ 





0-00965—0-0400, magnesium veronal buffer 
(pH 7-50) and MgCl,. 


limits of the experimental errors, with the experimental values derived from the figures in the 
last column of Table 4. 

The results of transference and conductance measurements are in Table 5. The sodium 
alginate was the sample characterised in the first line of Table 3 and the magnesium alginate 
was of type (2). A few conductance measurements with magnesium alginate of type (4) were 
also made; there was no detectable difference. If A; and Qajg are correctly estimated, and if 
proper account is taken of the pH changes during the transference,!* the equivalents of 
electricity, N., calculated from ionic transport, should agree with N, values computed from 
current and time measurements. This was found to be the case within about +5%. The 
influence of variation of N, at constant current and field strength was investigated for 0-0115N- 
sodium alginate and 0-0105N-magnesium alginate solutions. Six tests were done with each 
solution, the time varying respectively from 13 to 67 and from 29 to 120 mins. There 
was no detectable variation of the fraction f, of free counter-ions. It is known from previous 
work 1? that f, depends on the field strength if this is low; at sufficiently high field strengths, 
such as those in column 4 of Table 5, the variation of f, is not significant.!® 


* This effect is well known for sodium alginate *4 and for other polyelectrolytes." *:% 
+ It is, of course, not proved that other hydrodynamic models are less suitable. 


#4 See, e.g., Rose, Ph.D. Thesis, London, 1937. 

28 Kuhn, Kuhn, and Buchner, Ergebn. exakt. Naturwiss., 1951, 25, 39; Sadron, Progress Biophysics 
Chem., Pergamon Press, London, 1953, Vol. III, 287. 

26 Saverbone, Thesis, ‘‘ A contribution to the knowledge of acid polyuronides,’’ Upsala, 1945. 

2? Scheraga, J. Chem. Phys., 1955, 28, 1526. 

28 Eisenberg, J. Polymer. Sci., 1957, 25, 266. 
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TABLE 5. Results of transference and electrical-conductance measurements at 25-0°. Counter- 
ion fixation in aqueous solutions of sodium and magnesium alginates. For significance of 
the symbols in the heading of this Table see p. 3978. 


Ae 
Current Field 10'« (ohm x g.- 
Concn. (10° ~—s strength (ohm? equiv."} 
Alginate (g.-equiv./l.) amp.) (v/cm.) 10°N, 10°Qaig cm.~!) x cm.~}) te 

Sodium ... 0-02305 12-45 3-5 560 4342-5 11-95 46-7 0-60 + 0-02 
0-0115 71 3-6 263 23+1 6-21 47-5 0-57 + 0-02 
0-00576 3°33 3-3 28-8 21+1 3°36 48-0 0-64 + 0-03 
0-00243 1-485 3-6 535 46+ 0-4 1-39 47 0-58 + 0-04 
Magnesium 0-0105 2-625 3-5 206 21+1 2-52 47-4 0-33 + 0-02 
0-00525 1-265 3-4 840 8541-5 1-23 48-3 0-32 + 0-02 
0-00210 0-589 4-0 453 43+4+1 0-49 49-2 0-31 + 0-03 


DISCUSSION 


The viscosity—molecular weight relation (10) with an exponent of about unity indicates 
that these sodium alginates in 0-1M-sodium chloride behave like linear, coiling polymers in 
which the solvent drainage is enhanced by a degree of stiffness and by the movement of 
the counter-ions in the polymer coil.2® On conversion into magnesium alginate polymeris- 
ation can occur, as shown by the molecular weights in Table 3. It is assumed that 
magnesium ions combine with carboxylate groups of the polymeric anions, thereby produc- 
ing inter- and intra-molecular cross-links. The intramolecular combination of adjacent 
carboxylate groups with one magnesium ion is prevented by stereochemical requirements, 
but more distant carboxyl groups can react. In this manner loops are formed that pull 
the alginate chain together and produce a more compact configuration. This explains 
why the viscosity numbers of the magnesium alginate listed in Table 3 are somewhat 
smaller than those of sodium and potassium alginate, although the molecular weights of 
the magnesium alginates are larger. 

In preparing magnesium alginates of types 1—3, the replacement of sodium by magnes- 
ium was carried out in the gel phase where the alginate molecules are close together, 
thereby favouring the formation of intermolecular magnesium-—carboxylate bonds. 
Magnesium alginate of type 4, on the other hand, was obtained in dilute solution, where 
intramolecular salt bridges are more probable. So the molecular weight of this magnesium 
alginate should be relatively low, and this has been observed. The molecular weights of 
these magnesium alginates showed no significant change with time at 25°. It is concluded 
that an equilibrium mixture is not formed, under the specified conditions. This indicates 
localised counter-ion fixation, possibly assisted by complex formation with some hydroxy] 
groups of the mannuronic or guluronic acid residues; the magnesium carboxylate hydroxy- 
complexes appear to be more stable than ordinary salt bridges, yet not stable enough to 
prevent the exchange of magnesium for other cations. The suggested complex formation 
is possibly a co-operative effect and need not have a counterpart in reactions between 
magnesium ions and sugar acids of low molecular weight. The formation of intermolecular 
magnesium-—carboxylate links should make certain properties of magnesium alginate 
comparable with those of non-linear, coiling polymers which are characterised ® by 
relatively small interaction constants, B, small exponents, y, in the relation [4] = 
Constant x My, and small ratios [%]non-tinearspecies/["]tinearspecies (provided the [y] values 
relate to polymers of the same weight-average molecular weight, My). The figures in 
Table 3 and relationships (10) and (11) show that the B and y values of the magnesium 
alginates are, in fact, relatively small and that the ratio [] xg aiginate/[7]wa alginate IS about 
0-08 if Mwy is 108. 

In other experiments magnesium alginate behaves like sodium or potassium alginate 

2° Overbeek and van Geelen, Trans. Faraday Soc., 1959, 55, 363. 


%° Zimm and Stockmayer, |. Chem. Phys., 1949, 17, 1301; Stockmayer and Fixman, Ann. New 
York Acad. Sci., 1953, 57, 334; Zimm and Kilb, J. Polymer Sci., 1959, 37, 19; Kilb, tbid., 1959, 38, 403. 
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for which localised counter-ion fixation is not postulated. The curves in Fig. 6 and corre- 
sponding relations of linear flexible polyelectrolytes,? neutralised by univalent counter- 
ions, are similar in form, and on passing from solutions of permeant electrolytes to water 
as solvent the intrinsic viscosities of both sodium and magnesium alginate increase 
considerably. It is suggested that magnesium alginate contains counter-ions of two 
types: (a) those which are firmly bound to ionic sites of the polymeric anion and give rise 
to relatively stable inter- and intra-molecular bonds, and (b) those in which site-binding 
plays no role. Counter-ions of type (0) and those of type (a2) which form intramolecular 
bonds are then responsible for the solubility of magnesium alginate. If all the magnesium 
ions required to neutralise the polymeric anions were of type (a) and formed stable inter- 
molecular links, the critical gel point * would be reached and magnesium alginate would 
be insoluble. 

The transference results show that there is a considerable difference between the 
fraction of free sodium and magnesium ions in sodium and magnesium alginate solutions, 
the means of the two sets of f, values in the last column of Table 5 being 0-60 + 0-03 and 
0-32 + 0-03. Thus, magnesium alginates prepared under appropriate conditions are 
characterised by larger and more compact polymeric anions and by stronger counter-ion 
association. It is possible that the difference between the counter-ion fixation of sodium 
and magnesium alginate is mainly due to magnesium ions of type (a). It cannot be 
excluded, however, that magnesium ions of type (0) also migrate to the anode, because they 
are trapped in the region occupied by the alginate or because they are held outside this 
region by strong coulombic attraction. 


We are grateful to Professor J. A. V. Butler, F.R.S., for lending us a Couette viscometer, to 
Alginate Ltd. for samples, for a Swiss National Research Grant (to P. B.), and for a Brighton 
Education Committee Scholarship (to R. E. C.). 
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Lonpon, W.C.1. [Received, November 23rd, 1960.) 
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775.' The Infrared Spectra of Polycyclic Heteroaromatic 
Compounds. Part II. Quinoxaline-2,3-diones. 


By G. W. H. CHEESEMAN, A. R. Katritzky, and S. OKSNE. 


Infrared spectra confirm that tautomeric forms of the quinoxaline-2,3- 
dione type are more stable than those of the 3-hydroxy-2-quinoxalone or 2,3- 
dihydroxyquinoxaline types. 


MALEIC HYDRAZIDE has been shown to exist predominantly as (I), and phthalic hydrazide 
as (II), by various techniques. Presumably this is because full conjugation in the dioxo- 
forms of these compounds is hindered by two electron-donor groups’ being adjacent to each 
other; in valence-bond terms, canonical forms of type (III) are hot favoured. The 
predominant existence in the hydroxy-form of a six-membered heterocycle with the 
hydroxy-group « or y to a nitrogen atom is most unusual. The reverse situation, in which 
the carbonyl groups are « to each other, is thus of interest. 

Cheeseman * compared the ultraviolet spectra of quinoxaline-2,3-dione (IV) and its 


1 Part I, Katritzky and Jones, J., 1960, 2942. 

2 See, inter al., Cheinker, Gortinskaia, and Sycheva, J]. Chim. phys., 1958, 55,217; Zhur. fiz. Khim., 
1957, 31, 599; Elvidge and Redman, J., 1960, 1710; Miller and White, Canad. J. Chem., 1956, 34, 1510. 
* Cheeseman, J., 1958, 108. 
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O- and N-methyl-derivatives; this comparison indicated that the parent compound 
probably existed predominantly in the dione form. This conclusion is now supported 


R 
on S x ee ¥ Se OMe 
| 
HO NH ~+*tNH I I 
SN’ ANNO -o SN “ee N~ O 
H R’ 2 


(I) HO NH 


* (111) 


(II) (IV); R=R‘’=H (VII); R=H 
; (VI); R=R’= Me 
* OMe (LX) ’ 


by the infrared spectra of compounds ([V)—(IX) measured as Nujol and perchloro- 
butadiene mulls, potassium bromide discs, and, where solubility allowed, in chloroform 
solution. The spectra of solutions and solids were similar, indicating that no change in 
the predominant tautomer occurred. The assignments in the Tables are based on previous 
work on o-disubstituted benzenes,* quinolines,! pyridones,} and methoxy-compounds,® 
but are very tentative because of the small number of compounds investigated, and their 
low solubility. 

The 3000 cm. Region.—Little useful information can be obtained from this region. 
The potentially tautomeric compounds are very sparingly soluble in chloroform, and 
their solid-state spectra show a complex pattern of peaks in the range 3100—2700 cm. 
which would be due to either OH or NH bonds. 

The 1750—1550 cm. Region.—The compounds (IV)—(VI) containing two carbonyl 
groups show a very strong vC=O near 1690 cm.", split into two peaks. Those with one 


TABLE 1. The 1750—1550 cm. region. 








: yC=O Ring stretching 
Compd. qovnnnronseinaimsaiaen ~ o ain — 
(IV) NH NH 1712vs 1685vs 1618m 1600w 
(V) NH NMe 1690 * 1675vs 1610m 1598m 
(V1) NMe NMe 1708 * 1677vs 1601w 1594w 
(VII) NH OMe -- 1690vs 1615m 1583vs 
(VIII) NMe OMe — 1675vs 1613vs 1579m 
. ‘ oe gs  1592m 
(IX) OMe OMe -— — 1617w \ -1587m 


In these Tables bands quoted are for the spectra of mulls; positions are allincm.-! units. Intensi- 
ties are designated in the conventional manner. * indicates shoulder. 


carbonyl group (VII and VIII) show a narrower single band in the same region. All the 
compounds show two bands near 1600 cm.1, one of these being very strong for the mono- 
carbonyl compounds (see Table 1). 

The 1550—1350 cm. Region.—Absorption hereabouts would be expected from ring 
stretching modes, O- and N-methyl CH-deformation modes, and possibly NH-deformation 
modes. The small number of compounds available does not allow a detailed assignment, 
but differences are found between the absorption of the three main types of compound 
(see Table 2). 

The 1350—1100 cm.+ Region.—The ring-oxygen stretching frequency of the methoxy- 
compound appears as two or more strong bands at 1330—1230 cm.*+, which are noticeably 
absent from the other compounds (see Table 3). 


4 Katritzky and Jones, J., 1959, 3670. 
5 Katritzky and Jones, /., 1960, 2947. 
* Katritzky and Coats, J., 1959, 2062. 
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The 1100—750 cm. Region.—In this region (see Table 4) the spectra show the in- 


and out-of-plane CH-deformation bands, which should be similar for all the compounds. 
Other Compounds.—The spectra of 6-chloro- and 6,7-dichloro-quinoxaline-2,3-dione, 


TABLE 2. The 1550—1350 cm. Region. 


(IV) 1507m 148lm 1427m 1397s 
Vv f 1522m 1465 * 1443m 1394s 
) 1510m 
, - 1481 * 1427m 1379s 
(VI) slam f satin 
: ” 1450 1385 
(VII) 1495m 1461m { 1440w - 
(VIII) 1495 * { — 1445m 1417w 
: 6 1527m § 1487s 1426m 1379s 
G(X) UL 1508w ks s458m 


TABLE 3. The 1350—1100 cm.+ Region. 


NMe and 
Ring stretching OMe B-CH OMe B-CH s-CH 
- I 
(IV) 1335w 1315w —_— 1258m — — 1125w 
. ; ices , e 1139w 
(V) 1334w 1312w — 1261m — 1159m 1125m 
i= y 
(VI) 1327 * 1311m a 1268m - liezw = { [100w 
, , ‘ es 1279w 1245vs 1157w 1118w 
(VI) 1341m -_ 1309vs_ { saat 

. 1324s , s 1246vs a 1160w 
(VIII) 1338m — 1305s 1280w { jo95w 1182w 1120m 
(IX) > 2 6 1330s { 1290w { 1248m 1191m 1148w 

F U 1320m 1262w 1223s 1175m 


the mono-N-methy] derivatives of 6-chloro-, 6-nitro-, and 6-bromo-quinoxaline-2,3-dione, 
and the di-N-methyl derivatives of 6-chloro- and 6-bromo-quinoxaline-2,3-dione indicate 
that all these compounds also exist in the di-oxo-form. The detailed spectra will be 
submitted to the DMS scheme (Butterworths). 


TABLE 4. The 1100—750 cm. Region. .- 


NMe B-CH OMe y-CH ? y-CH y-CH 
9 "7 

(IV) one 1033w be 943w ma {ie {oe 
(V) 1043w 1030w — 933w 898w 863m 749s 
(VI) 1058w 1022w - 932w 913w --- 749s 

. iia a s 946w : ¢ 880 § 759m 
(VII) — 1029w 1005s L  933w 903w L 853w L 749s 

(VIII) 1049m 1040 * 972m 943w 908w 858w 758vs 
(IX) --- 1019m 997s 951m 920w 891m 757s 


Experimental.—Preparation of the compounds has been described previpusly.* The spectra 
were measured on a Perkin—Elmer model 21 instrument for the solutions and Nujol mulls, and 
on an Infracord for the potassium bromide discs. 


One of us (G. W. H.C.) thanks the Central Research Fund of London University for 
financial support. 


QUEEN ELIZABETH COLLEGE, LONDON, W.8. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, March 29th, 1961.] 
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776. Biphenylenes. Part V.1- Some Di- and Tetra-methoxybi- 
phenylenes. 


By Witson Baker, J. W. Barton, J. F. W. McOmiz, R. J. PENNECK, 
and M. L. Watts. 


Convenient syntheses of 2,3,6,7-tetramethoxybiphenylene and 2,7-di- 
methoxy-1,3,6,8-tetramethylbiphenylene are described, together with an 
improved preparation of 2,7-dimethoxybiphenylene. The Ullmann reaction 
of 4-bromo-5-iodoveratrole has given, in addition to 2,2’-dibromo-4,5,4’,5’- 
tetramethoxybiphenyl, 2,3,6,7-tetramethoxydibenzofuran and traces of 
2,3,6,7-tetramethoxybiphenylene. 


CERTAIN polymethoxybiphenylenes may be readily obtained by the following general 
method. Suitably orientated methoxybiphenyls undergo direct iodination in positions 
2- and 2’-, and the resulting di-iodobiphenyls are then converted into biphenylenes by 
heating them with cuprous oxide, as described in Parts I ? and II ® of this series. 


MeO OMe MeO a OMe MeO ] OMe 


R R 
(I (11) (111) 


The synthesis of 2,3,6,7-tetramethoxybiphenylene (Il) is a particularly favourable 
example. 3,4,3’,4’-Tetramethoxybiphenyl (I; R =H), obtained from 4-iodoveratrole 
by an Ullmann reaction, gave with iodine and iodic acid a 67% yield of 2,2’-di-iodo- 
4,5,4’,5’-tetramethoxybiphenyl (I; R =I) which when heated with cuprous oxide gave 
2,3,6,7-tetramethoxybiphenylene (II). 

The method has been extended to the preparation of 2,7-dimethoxy- (III; R = H) and 
2,7-dimethoxy-1,3,6,8-tetramethyl-biphenylene (III; R = Me). The starting material for 
the former, 3,3’-dimethoxybiphenyl, was obtained by deamination of the commercially 
available 3,3’-dimethoxybenzidine; that for the latter was obtained by reduction and 
methylation of 3,5,3’,5’-tetramethyldiphenoquinone. Iodination of 3,3’-dimethoxybi- 
phenyl gave not more than a 30% yield of 2,2’-di-iodo-5,5’-dimethoxybiphenyl; never- 
theless, this series of reactions leading to 2,7-dimethoxybiphenylene is much more con- 
venient than the lengthy synthesis described by Lothrop. The iodination of 3,3’-di- 
methoxybipheny] also yielded 9% of 4,4’-di-iodo-3,3’-dimethoxybipheny]. 


MeO OM 
6 HO OH MeO OMe 
nok S— Nome HO OH MeO OMe 
1e) e) 
(VI) 


OMe MeO 
(IV) (V) 


Attempts have been made to prepare 2,3,6,7-tetramethoxybiphenylene (II) directly 
from veratrole derivatives. Bromination of 4-iodoveratrole gave 4-bromo-5-iodoveratrole, 
identical with the product obtained from 4-amino-5-bromoveratrole by replacement of the 
amino-group with iodine. Attempts to produce compound (II) by dimerisation of a 
benzyne intermediate 5 were unsuccessful: e.g., 4-bromo-5-iodoveratrole failed to react 
with magnesium under a variety of conditions. Reaction of 4-bromo-5-iodoveratrole 


1 Part IV, Baker, McOmie, Preston, and Rogers, J., 1960, 414. 
* Baker, Boarland, and McOmie, J., 1954, 1476. 

% Baker, Barton, and McOmie, /J., 1958, 2658. 

* Lothrop, J. Amer. Chem. Soc., 1942, 64, 1698. 

5 Heaney, Mann, and Millar, J., 1957, 3930. 
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with copper bronze in nitrobenzene gave, in addition to the expected 2,2’-dibromo- 
4,5,4’,5'-tetramethoxybiphenyl (I; R= Br), small amounts of 2,3,6,7-tetramethoxybi- 
phenylene (II) and 2,3,6,7-tetramethoxydibenzofuran (VI). The only previous report of 
biphenylene formation in an Ullmann reaction using copper is by Ward and Pearson ® who 
obtained small amounts of 2,3:6,7-dibenzobiphenylene by prolonged reaction of 2,3-di- 
bromonaphthalene with copper bronze in dimethylformamide. In the present work, 
reaction of 4-bromo-5-iodoveratrole with copper bronze in dimethylformamide gave the 
biphenyl (I; R = Br) and starting material. 

The formation of 2,3,6,7-tetramethoxydibenzofuran (VI) is somewhat surprising, it is 
probable that the hetero-ring oxygen is derived from the solvent. When the reaction time 
was increased no tetramethoxybiphenylene (II) could be isolated, but the amount of 
2,3,6,7-tetramethoxydibenzofuran (VI) increased; very little of the biphenyl (I; R = 
Br) was then isolated. The structure of the dibenzofuran (VI) was confirmed by 
independent synthesis. The known 2,4,5,2’,4’,5’-hexamethoxybiphenyl (IV), prepared 
by the oxidative coupling of two molecules of 1,2,4-trimethoxybenzene,’ undergoes 
demethylation with concomitant ring closure when boiled with aqueous hydrogen bromide. 
The resulting 2,3,6,7-tetrahydroxydibenzofuran (V) was methylated to give the ether (VI). 


EXPERIMENTAL 

2,2’-Di-iodo-4,5,4’,5’-tetramethoxybiphenyl (I; R = 1).—lodic acid (6 g.) in water (20 ml.) 
was added during 20 min. to a refluxing solution of 3,4,3’,4’-tetramethoxybipheny]l ® (20 g.) and 
iodine (16 g.) in acetic acid (400 ml.). After 2 hr. the solution was poured into water containing 
a little sodium hydrogen sulphite, and the solid was collected and dried. After chromatography 
on ashort silica gel column in benzene, the 2,2’-di-iodo-4,5,4’,5’-tetramethoxybiphenyl was obtained 
as microcrystals (26 g.), m. p. 183—183-5° after recrystallisation from benzene [Found: C, 
36-6; H, 3-4; OMe, 23-45. C,,H,I,(OMe), requires C, 36-5; H, 3-0; OMe, 23-6%]. 

2,3,6,7-Tetramethoxybiphenylene (II).—The above di-iodo-compound (2 g.) was powdered 
with cuprous oxide (20 g.) and heated at 330—360° (} hr.), the method described previously ?? 
being used. Towards the end of the reaction the pressure was reduced to 50 mm. to facilitate 
volatilisation of the product. This was chromatographed in benzene on silica gel to give 
2,3,6,7-tetramethoxybiphenylene as yellow plates (0-32 g., 31%), m. p. 211—212° from light 
petroleum (b. p. 60—80°) [Found: C, 70-8; H, 5-8; OMe, 45-6. C,.H,(OMe), requires C, 70-6; 
H, 5-8; OMe, 45-6%], Amax, (in EtOH) 248, 257, 393 my. (log c 4-79, 4-90, 4-26, respectively). 

A similar experiment with 2,2’-dibromo-4,5,4’,5’-tetramethoxybipheny] gave the biphenylene 
(4%) and starting material (63%). 

2,2’-Di-iodo-5,5’-dimethoxybiphenyl.—lodic acid (1-7 g.) in water (4 ml.) was added dropwise 
to a stirred solution of 3,3’-dimethoxybipheny]l ® (5 g.) and iodine (4-7 g.) in acetic acid (50 ml.) 
at 100°. The mixture was stirred at 100° for 2 hr., then poured into water containing sodium 
hydrogen sulphite. The product was chromatographed in benzene on silica gel. The eluate 
yielded material which was crystallised from light petroleum (b. p. 60—80°). The first fractions 
yielded 4,4’-di-iodo-3,3’-dimethoxybiphenyl, in. p. and mixed m. p. with authentic material !° 
184—186°; later fractions gave 2,2’-di-iodo-5,5’-dimethoxybiphenyl (3-3 g.), m. p. 141— 
141-5° [Found: C, 36-6; H, 2-9; OMe, 13-5. C,,H,I,(OMe), requires C, 36-1; H, 2-6; OMe, 
13-3%]. 

2,7-Dimethoxybiphenylene (III; R = H).—The above di-iodo-compound (1 g.) was heated 
with cuprous oxide (10 g.) as in the preparation of (II) above. The product, a yellow oil, was 
chromatographed in benzene on silica gel, giving 2,7-dimethoxybiphenylene (0-19 g., 42%), m. p. 
106—108° and starting material (0-37 g.). Recrystallisation from n-pentane gave yellow 
plates, m. p. 107-5—109° (Lothrop * gives m. p. 107—108°), Amax, (in EtOH) 245, 254, 360 mu 
(log « 4:37, 4-92, 4-96, respectively). 





6 Pearson, Chem. and Ind., 1960, 899; Ward and Pearson, /., 1961, 515. 

7 Erdtman, Proc. Roy. Soc., 1934, A, 148, 191. 

8 Ritchie, J. Proc. Roy. Soc. New South Wales, 1945, 78, 134; Chem. Abs., 1946, 40, 876. 
® Kornblum, Org. Synth., 1941, 21, 31. 

10 Pfeiffer, Schmitz, and Inoue, J. prakt. Chem., 1929, 121, 75. 
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4,4’-Dihydroxy-3,5,3’,5’-tetramethylbiphenyl.—3,5,3’,5’-Tetramethyldiphenoquinone " (20 g.) 
and sodium dithionite (40 g.) were ground together and added in portions to a mixture of ethanol 
(200 ml.) and water (100 ml.) at 80°. When reduction was complete (ca. 5 min.) the solution 
was cooled and diluted, and the white solid collected. The yield was quantitative; the material 
was methylated without further purification. A sample crystallised from methanol had m. p 
220—221° (lit.,22 m. p. 220—221°). 

4,4’-Dimethoxy-3,5,3’ ,5’-tetramethylbiphenyl.—Dimethyl sulphate (50 ml.) and 20% aqueous 
sodium hydroxide (30 ml.) were added in portions to a stirred solution of 4,4’-dihydroxy- 
3,5,3’,5’-tetramethylbiphenyl (40 g.) in ethanol (400 ml.) and 20% aqueous sodium hydroxide 
(10 ml.). The solution was stirred for a further 4 hr. and the solid collected (42 g.).  4,4’-Di- 
methoxy-3,5,3’,5’-tetramethylbiphenyl separated from methanol in prisms, m. p. 99—99-5° 
[Found: C, 79-6; H, 8-1; OMe, 23-2. C,,.H,,(OMe), requires C, 80-0; H, 8-2; OMe, 22-9%]. 

2,2’-Di-iodo-4,4’-dimethoxy-3,5,3’,5’-tetramethylbiphenyl.—lodic acid (4 g.) in water (3 ml.) 
was added during 10 min. to a stirred refluxing solution of 4,4’-dimethoxy-3,5,3’,5’-tetramethyl- 
biphenyl (10 g.) and iodine (8 g.) in acetic acid (100 ml.). The solution was refluxed for 5 hr., 
cooled, and poured into water containing sodium hydrogen sulphite. The solid was collected 
(14-2 g.) and crystallised from ethanol, giving 2,2’-di-iodo-4,4’-dimethoxy-3,5,3’,5’-tetramethylbi- 
phenyl as prisms, m. p. 179-5—180° [Found: C, 41-6; H, 4:0; OMe, 11-2. C,,H,,I,(OMe), 
requires C, 41-4; H, 3-8; OMe, 11-9%]. 

2,7-Dimethoxy-1,3,6,8-tetramethylbiphenylene (III; R = Me).—The above di-iodo-compound 
(5 g.) was heated with cuprous oxide (50 g.) as in the preparation of (II) above. The condensates 
from four such experiments were chromatographed in benzene on silica gel (20 x 2 cm.) with 
benzene-light petroleum (b. p. 60—80°) as eluent, giving starting material (10-1 g.) and 2,7-di- 
methoxy-1,3,6,8-tetramethylbiphenylene (1-43 g., 28%), m. p. 112—113°. Crystallisation from 
n-pentane gave pale yellow needles, m. p. 116—116-5° [Found: C, 80-7; H, 7-5; OMe, 23-6. 
C1,H,,4(OMe), requires C, 80-6; H, 7-5; OMe, 23-2%], Amax. (in EtOH) 253, 263, 337 (shoulder), 
351, 372 my (log ¢ 4-67, 3-46, 3-79, 3-93, respectively). 

4-Bromo-5-iodoveratrole.—(a) 4-Iodoveratrole (26 g.) in acetic acid (25 ml.) was stirred and 
treated with bromine (17 g.) in acetic acid (20 ml.) at <30°. After 4 hr. the mixture was stirred 
with water (300 ml.) and treated with sodium hydrogen sulphite. The solid 4-bromo-5-iodo- 
veratrole crystallised from aqueous ethanol as needles, m. p. 98—100° (33 g., 95%). Further 
crystallisation gave material of m. p. 102-5—104° [Found: C, 28-2; H, 2-45; OMe, 18-4. 
C,H,BrI(OMe), requires C, 28-0; H, 2-3; OMe, 18-1%]. 

(b) 4-Acetamido-5-bromoveratrole #* (2 g.) and hydrochloric acid (10 ml.) were refluxed for 
5 min. The crystalline suspension was diluted with water (10 ml.), cooled, and diazotised at 
3—5° with sodium nitrite (0-5 g.) in a little water. The resulting solution was added with 
stirring to potassium iodide (2 g.) in 10% sulphuric acid (10 ml.). After 1 hr. the mixture was 
warmed on the water bath and treated with sodium hydrogen sulphite. The tarry product 
was collected in methylene chloride and purified by crystallisation from aqueous ethanol and 
then from light petroleum (b. p. 60—80°) to give colourless needles, m. p. 96—98° (0-6 g., 24%). 
Further crystallisation gave 4-bromo-5-iodoveratrole, m. p. and mixed m. p. with a sample 
prepared by method (a) 102—104°. 

Ullmann Reaction of 4-Bromo-5-iodoveratrole.—The halide (20 g.) in nitrobenzene (20 ml.) 
was stirred in a bath at 220—230° whilst copper bronze (20 g.) was added in portions (} hr.). 
After a further } hr. the solution was cocled and filtered. The nitrobenzene was removed by 
steam distillation and the residue fractionated, to give starting material (5-1 g.), b. p. 100— 
115°/0-09 mm., and a viscous amber oil (3-8 g.), b. p.-170—190°/0-005 mm. The latter crystal- 
lised from light petroleum (b. p. 60—80°), giving 2,2’-dibromo-4,5,4’,5’-tetramethoxybiphenyl 
(2-8 g., 30%) as colourless needles, m. p. 154—158°. The pure substance has m. p. 160—161° 
(Found: C, 43-9; H, 3-7. C,,H,,Br,O, requires C, 44-4; H, 3-7%). The mother liquors gave 
material which was fractionally crystallised from ethanol and light petroleum (b. p. 60—80°), 
giving 2,3,6,7-tetramethoxydibenzofuran (V1) (0-2 g.) as very pale yellow needles, m. p. 167— 
168° (Found: C, 67-0; H, 5-4. C,.H,,O,; requires C, 66-7; H, 5-6%), Amax, (in EtOH) 224, 251, 
326 muy (log ¢ 4-57, 4-32, 4-52, respectively), and 2,3,6,7-tetramethoxybiphenylene (II), yellow 
plates, m. p. 208—210° (0-02 g.). The mixed m. p. of the latter with a sample of compound 

11 Moore and Waters, J., 1952, 2432. 


12 Auwers and von Markovits, Ber., 1905, 38, 226. 
#8 Simonsen and Rau, /., 1918, 118, 782; Jones and Robinson, J., 1917, 111, 903. 
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(II) above showed no depression and the ultraviolet spectra were identical. This biphenylene 
was obtained in two out of five such experiments. When the reaction time was increased to 
4 hr., 2,2’-dibromo-4,5,4’,5’-tetramethoxybiphenyl (0-4 g.) and 2,3,6,7-tetramethoxydibenzo- 
furan (VI) (1-4 g.) were obtained. 

2,2’-Dibromo-4,5,4’,5’-tetramethoxybiphenyl (I; R = Br).—Bromine (1-62 g.) in acetic acid 
(2-5 ml.) was added dropwise to a solution of 3,4,3’,4’-tetramethoxybiphenyl (1-37 g.) in acetic 
acid (10 ml.) kept below 25°. After several hours water (100 ml.) was added and the white 
solid collected (1-98 g.). Two crystallisations from benzene gave 2,2’-dibromo-4,5,4’,5’-tetra- 
methoxybipheny] as colourless needles, m. p. and mixed m. p. 157—159°. 

2,3,6,7-Tetramethoxydibenzofuran (VI1).—2,4,5,2’,4’,5’-Hexamethoxybiphenyl’? (2 g.) was 
refluxed with 48% hydrobromic acid (20 ml.) for 3 hr. The grey solid was collected, washed, 
and suspended in dimethyl sulphate (10 ml.). 20% Sodium hydroxide solution (30 ml.) was 
added during 20 min. with rapid stirring. After refluxing for 1 hr. the solution was diluted 
and filtered. The solid dibenzofuran (1-5 g.), m. p. 161—164°, crystallised from light petroleum 
(b. p. 60—80°) as very pale yellow needles, m. p. and mixed m. p. 167—168°. 
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777. Azabenzocycloheptenones. Part II1.* 2,3,4,5-Tetrahydro- 
5-oxo-1-toluene-p-sulphonylbenz| b |azepine. 
By G. R. Proctor. 


The title compound, now available in good yield, cannot be dehydro- 
genated by bromination—dehydrobromination procedures, but it can be 
oxidised to an a-diketone which gives an enol acetate. Although this 
represents a partial dehydrogenation, the toluene-p-sulphonyl group could 
not be extruded nor could the amino-diketone (V; R = H) be obtained by 
standard methods. The basic ketone (II; R =H) can be obtained by 
hydrolysis of the toluene-p-sulphony] derivative. 


THE most promising routes to azatropolones such as (I; R = OH) appear to require, as 
starting materials, ketones (II; R = toluene-f-sulphonyl, R’ = R”’ = H) in which the 
carbonyl group is separated from the nitrogen atom by at least two carbon atoms. Closer 
proximity of these functions leads to the formation of lactams. 

We have described? the synthesis of (II; R = toluene-f-sulphonyl, R’ = R’” = H) 
and now record the results of some experiments designed to convert it into the azatropolone 
(I; R = OH) and into the azatropone (I; R = H). 

The synthetical route? to the ketone (II; R = toluene-f-sulphonyl, R’ = R” = H) 
has been much improved. Three routes to the a-diketone (V; R = toluene-p-sulphonyl) 
have been developed: they are, first selenium dioxide oxidation, secondly ozonolysis * of 
the «-hydroxymethylene-ketone (II; R’, R’” = CH-OH, R = toluene-f-sulphonyl) and 
thirdly,* the mild hydrolysis of the «-dibromo-ketone (II; R = toluene-f-sulphonyl, 
R’ = R” = Br). The second method we found gave the most refined product, but for 
general utility, the third method is preferred. 

Treatment of either the ketone (II; R = toluene-f-sulphonyl, R’, R’ = CH-OH) 
with excess ozone or the diketone (V; R = toluene-f-sulphonyl) with alkaline hydrogen 


Part II, J., 1957, 2312. 


1 Proctor and Thomson, J., 1957, 2312. 

2 Proctor, Chem. and Ind., 1960, 408. 

3 Caunt, Crow, and Haworth, J., 1951, 1316. 
“ Cf. Wittig and Vidal, Ber., 1948, 81, 370. 
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peroxide yielded the known diacid (IV): this confirmed the structures of these heterocyclic 
intermediates. 

It was found that the N-S bond in the molecule (V; R = toluene-p-sulphonyl) was 
resistant to cleavage. Boiling with concentrated hydrochloric acid and glacial acetic 
acid,®.6 or treatment with lai bromide and acetic acid in the presence of phenol? 


lo e) 


CO;H 
4 ~ -CH,-CO}H 
N 


R 
; | 
(1) ay (111) aad 


(IV) (V) 

was without appreciable effect. Treatment with polyphosphoric acid led to resinification 
without loss of sulphur, while reaction with calcium in liquid ammonia gave a poor yield of 
an amino-monoketone. It appears that the amino-diketone (V; R = H) is not available 
by this route. 

A more subtle approach was to force the molecule (V; R = toluene-f-sulphony]) into 
the enol configuration (III; R = OAc) and bring about the extrusion of the toluene-p- 
sulphonyl group by base-catalysed elimination,® a method we have successfully employed 
for the conversion of the vinylogous ketone (VIII) into the azatropone ? (IX). The enol 
acetate (III; R = OAc) was, however, partly deacetylated and partly converted into a 
sulphur-containing acid which we were unable to purify. 

The failure to extrude the toluene-f-sulphonyl group may be due to participation of the 
O-acetyl group as an electron-source, inhibiting the formation of the anion (VI) which is a 
necessary intermediate in the elimination. 

By analogy with the tropolones,” bromination of (V; R = toluene-f-sulphony]l) 
followed by dehydrobromination ought to give an intermediate (VII) in the same state of 
oxidation as the desired azatropolone, from which the latter should be obtained by acid 
treatment. Unexpectedly, however, treatment of the «-diketone (V; R = toluene-p- 
sulphonyl) with two moles of bromine in glacial acetic acid yielded the dibromide (II; R = 
toluene-p-sulphonyl, R’ = R” = Br). Bromination in chloroform gave a mixture contain- 
ing much starting material. 

Also related to the dibenzo-compound (VIII) is the ketone (III; R = H) which might 
be expected to permit elimination of the toluene-f-sulphonyl group. A synthesis was 
attempted in the following way. The ketone (II; R = toluene-f-sulphonyl, R’ = R” = 
H) easily gave mono- (II; R = toluene-f-sulphonyl, R’ = H, R” = Br) and di-bromo- 
compounds (II; R = toluene-f-sulphonyl, R’ = R’’ = Br). The latter had been oriented 
by conversion into the dione (V; R = toluene-f-sulphony]). 

Neither of the bromo-compounds could be dehydrobrominated with triethylamine or 
collidine to the corresponding «$-unsaturated ketones. When mild conditions were 
employed, most of the starting materials were recovered but on more vigorous treatment, 
the molecules were partially debrominated. In a similar case, Rees found hydrated 
sodium acetate to be an effective dehydrobrominating agent: we found it to have no 
effect, and, on the other hand, the use of lithium chloride in dimethylformamide ™ gave no 
recognisable products from (II; R = toluene-f-sulphonyl, R’ = R” = Br). 

5 Clemo and Perkin, J., 1924, 125, 1608. 

6 Johnson, Woroch, and Buell, J. Amer. Chem. Soc., 1949, 71, 1901. 

7 Weisblat, Magerlein, and Myers, J. Amer. Chem. Soc., 1953, '75, 3630. 

8 (a) Sondheimer, Mancera, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1953, 75, 1282; (0) 
Barton, McGhie, Pradhan, and Knight, J., 1955, 876. 

® (a) Holmes and Ingold, J., 1926, 1305; (b) Fenton and Ingold, J., 1928, 3295. 

10 Cook, Gibb, Raphael, and Somerville, J., 1952, 606. 


11 Rees, J., 1959, 3111. 
12 Mazur and Sondheimer, J. Amer. Chem. Soc., 1958, 80, 5229. 
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An alternative route to the ketone (III; R =H), based on the dehydration of the 
hydroxy-ketone (II; R = toluene-p-sulphonyl, R’ = OH, R’” = H) with phosphorus 
pentoxide in toluene at the b. p., caused rupture of the molecule: traces of basic materials 
were all that could be found. 


O OAc oe) a {e) £ je) 
cx S CX j 
N= H N N N 
Tosy! Tosyl Tosyl 
(IX) 


(V1) (VII) (VIII) 


These results suggest that the toluene-p-sulphonyl group should be removed from (II; 
kK = toluene-p-sulphonyl, R’ = R”’ = H) as a preliminary to further dehydrogenation. 
Although, by comparison with closely related six-membered ring compounds,®*® the 
ketone (II; R = toluene-f-sulphonyl, R’ = R” = H) is rather resistant to cleavage by 
acids, the amino-ketone (II; R = R’ = R” = H) has been obtained as an oil which could 
be distilled im vacuo without appreciable decomposition. It forms a 2,4-dinitropheny]l- 
hydrazone “ 13.14 and a picrate. 

The possibility of converting the amino-ketone (II; R= R’ = R” = H) into the 
azatropolone (I; R = OH) and the azatropone (I; R = H) is now being examined. 


EXPERIMENTAL 


Ethyl y-N-(o-Methoxycarbonylphenyl)toluene-p-sulphonamidobutyrate.—Methyl N-toluene-p- 
sulphonylanthranilate (302 g.), anhydrous sodium carbonate (300 g.), and decalin (1-5 1.) were 
refluxed and stirred while ethyl y-bromobutyrate (234 g.) was added during 1-5 hr. After a 
further 4 hr., the mixture was cooled, diluted with chloroform, and filtered, and the residue 
washed well with chloroform. Evaporation of the solvents gave an oil (400 g.) which was 
crystallised from ethanol giving 197 g. of product, m. p. 98—100° (yield 47%). The second 
crop (52 g.) had m. p. 80°, and the liquor gave an oil (146 g.) which was recycled. 

2,3,4,5-Tetrahydro-5-oxo-1-toluene-p-sulphonylbenz[blazepine (II; R = toluene-p-sulphonyl, 
R’ = R” = H).—Potassium (10 g.) was dissolved in t-butyl alcohol (excess); after the latter 
was distilled off, toluene (1 1.) was added and the mixture distilled to constant boiling point. To 
this refluxing, stirred solution under dry nitrogen (oxygen-free) was added the above ester 
(50 g.) in dry toluene (500 ml.) slowly during 2 hr. with steady distillation of solvent. After 
the boiling point had again reached 110° (ca. 1 hr.), the mixture was cooled and diluted with 
water and dilute hydrochloric acid, and the aqueous layer separated and washed with 
chloroform. The combined organic layers were evaporated leaving the keto-estey (II; R= 
toluene-p-sulphonyl, R’ = CO,Et, R’” = H) which crystallised from light petroleum (b. p. 
80—100°) in needles, m. p. 120° (Found: C, 61-0; H, 5-2; N, 3-4. C,H, ,NO,S requires C, 
61-1; H, 5-1; N, 3-75%); vax, 1645 cm. (in Nujol). 

The 2,4-dinitrophenylhydrazone of the keto-ester was obtained from methanol-acetic acid as 
an orange solid, m. p. 208° (Found: C, 54:7; H, 4-5. C,;H,,N,O,S requires C, 54:3; H, 4:2%); 
Vmax. 1735, 1620, and 1590 (in Nujol). 

The keto-ester (42-5 g.) was refluxed with ethanol (100 ml.), glacial atetic acid (300 ml.), 
concentrated hydrochloric acid (50 ml.), and water (50 ml.) for 8 hr. The mixture was cooled, 
diluted with water, and extracted with chloroform, and the extract evaporated in vacuo leaving 
a residue which was purified by chromatography on alumina and by crystallisation from 
methanol. The product had m. p. 126° 1 (yield 71%). 

2,3,4,5-Tetrahydro-4-hydroxymethylene-5-o0x0-1-toluene-p-sulphonylbenz[bjazepine (II; R= 
toluene-p-sulphonyl, R’, R’’, = CH-OH).—A solution of the above ketone (9-7 g.), ethyl formate 
(10 ml.), and dry toluene (150 ml.) was cooled to 0° and added to a suspension of 


13 Astill and Boekelheide, J]. Amer. Chem. Soc., 1955, 77, 4080. 
14 Braunholtz and Mann, /J., 1957, 4174; 1958, 3377. 
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sodium ethoxide (from 6 g. of sodium) in toluene (80 ml.) at 0°. After 24 hr. at 20°, the mixture 
was diluted with water, and the toluene layer washed with cold sodium hydroxide (10% 
aqueous). The combined alkaline washings were acidified with ice-cooling and extracted with 
chloroform (3 x 50 ml.), which was dried and evaporated to leave a residue (9-6 g.). This 
crystallised from light petroleum (b. p. 100—120°) giving crystals, m. p. 126° (8-7 g.) (Found: 
C, 63-4; H, 5:1; N, 3-9; S, 9-9. C,,H,,NOS requires C, 62-95; H, 5-0; N, 4-1; S, 9-35%); 
Vmax. 1645 and 1595 cm.?} (in Nujol). The 2,4-dinitrophenylhydvazone was obtained from 
methanol-glacial acetic acid as crimson needles, m. p. 207° (Found: C, 54-8; H, 4:3; N, 13-4; 
S, 6-9. C,,H,,N,0,S requires C, 55-05; H, 4:1; N, 13-4; S, 6-1%). 

The methyl ether was obtained with refluxing methanol containing traces of mineral acid. 
It had m. p. 197° (Found: C, 64-1; H, 5-5; N, 3-8; S, 9-2. C,,H,,NO,S requires C, 63-85; H, 
5-4; N, 4-0; S,9-0%); vmax (in Nujol) 1670, 1605, and 1590 cm.*?. 

4-Bromo-2,3,4,5-tetrahydro-5-oxo-1-toluene-p-sulphonylbenz[bjazepine (II; R = toluene-p- 
sulphonyl, R’ = Br, R” = H).—The monoketone (II; R = toluene-p-sulphonyl, R’ = R” = 
H) (6-6 g.) in chloroform (100 ml.) was treated with bromine (1 ml.). After 1 hr. at 20° the 
solvent was removed under reduced pressure; the product crystallised from methanol in 
needles (7 g.), m. p. 132° (Found: C, 51-7; H, 4-4; Br, 19-8; N, 3-55. C,,H,,BrNO,S requires 
C, 51-75; H, 4-1; Br, 20-2; N, 3-55%); vmax, 1695 cm." (in Nujol) (>C=O). The 2,4-dinitro- 
phenylhydrazone, m. p. 236°, was identical with that obtained from the monoketone (II; R = 
toluene-p-sulphonyl, R’ = R” = H). 

4,4-Dibromo-2,3,4,5-tetrahydro-5-oxo-1-toluene-p-sulphonylbenz[blazepine (Il; R = toluene-p- 
sulphonyl, R’ = R” = Br).—The monoketone (II; R = toluene-p-sulphonyl, R’ = R’ = H 
(4-8 g.) in chloroform (100 ml.) was treated with bromine (1-47 ml.) as in the previous example. 
The product was obtained from ethanol as needles (5-6 g.), m. p. 173° (Found: C, 42-9; H, 3-3; 
Br, 33-1; N, 2-9. C,,H,;Br,NO,S requires C, 43-1; H, 3-2; Br, 33-8; N, 2-95%); 
1715 cm.~! (in Nujol) (>C=O). The product failed to form a 2,4-dinitrophenylhydrazone. 

2,3,4,5-Tetrahydro-5-oxobenz[blazepine (II; R = R’ = R” = H).—(a) The ketone (II; R = 
toluene-p-sulphonyl, R’ = R” = H) (4-92 g.), concentrated hydrochloric acid (200 ml.), and 
glacial acetic acid (200 ml.) were refluxed 8 hr., cooled, and extracted with chloroform.* After 
separation, the aqueous layer was treated with ammonia (d 0-88) and ice, and extracted with 
chloroform. The extract was dried and evaporated leaving the product (0-72 g.) which distilled 
as a Clear yellow oil (600 mg.), b. p. 135—140°/0-1 mm.; vax 3340, 1665, and 1600 cm." (liquid 
film) (Found: C, 73-5; H, 6-8; N, 8-8. C,)9H,,NO requires C, 74:5; H, 6-9; N, 8-7%). 

The 2,4-dinitrophenylhydrazone was a dark violet solid, m. p. 248° (Found: C, 56-15; H, 
4:5; N, 20-3. C,,H,;N;O, requires C, 56-3; H, 4-4; N, 20-5%); the picrate was obtained from 
ethanol as a yellow product, m. p. 228° (Found: N, 13-0. C,,H. N,O, requires N, 12-85%). 

(6) The ketone (0-64 g.) was heated with polyphosphoric acid (10 g.) on the steam bath for 
3hr. After dilution with water and extraction with chloroform, the aqueous layer was basified 
with ammonia (d@ 0-88) and extracted with chloroform, and the extract dried and evaporated 
leaving the crude amino-ketone (148 mg.). Distillation im vacuo gave the pure product (100 mg.) 
as before. 

(c) The ketone (1-17 g.) in tetrahydrofuran (15 ml.) was added to a suspension of calcium 
(2 g.) in liquid ammonia (100 ml.), and the mixture agitated for 10 min. An excess of dry 
bromobenzene was then added and the ammonia allowed to evaporate in a stream of nitrogen. 
The basic fraction (100 mg.) was isolated as before. 

2,3,4,5- Tetrahydro-4,5-dioxo-1-toluene-p-sulphonylbenz[blazepine (V; R = toluene-p- 
sulphonyl).—(a) The hydroxymethylene ketone (II; R = toluene-p-sulphonyl, R’, R’” = CH-OH) 
(5-6 g.) in dry ethyl acetate (150 ml.) was treated with 72-5% Tf of the calculated amount of 
ozone at —70°. The mixture was hydrogenated at 20° in presence of pre-reduced palladium 
hydroxide on barium carbonte (2%). After filtration, the ethyl acetate solution was washed 
with cold aqueous sodium hydroxide (10%) followed by dilute hydrochloric acid and was dried 
and evaporated, leaving the product (2-43 g.) which crystallised from light petroleum (b. p. 
100—120°) as a pale yellow solid, m. p. 148° (Found: C, 61-65; H, 5-0; N, 4-25. C,,H,,;NO,S 
requires C, 62-0; H, 4-6; N, 425%); vmax (in Nujol) 1710, 1680, and 1580 cm.*!. 

The 2,4-dinitrophenylhydrazone was obtained from nitrobenzene as an orange product, m. p. 


Vmax. 


* The neutral extract contained starting material (2-89 g.). 
+ Use of too much ozone leads to the formation of N-toluene-p-sulphonyl-N-2’-carboxyethyl- 
anthranilic acid (IV), m. p. and mixed m. p. 189°.! 
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252° (Found: C, 54-55; H, 4-35; N, 13-9. C,;H, N;O,S requires C, 54-2; H, 3-75; N, 13-75%). 

The quinoxaline derivative was made from the diketone with o-phenylenediamine in ethanol: 
by crystallisation from methanol or sublimation im vacuo the yellow product, m. p. 198°, was 
obtained (Found: C, 68-5; H, 5-1; N, 10-6; S, 7-5. C,3H,).N,0,S requires C, 68-8; H, 4-75; 
N, 10-5; S, 8-0%). 

When the diketone was chromatographed on active alumina, elution with chloroform 
(containing 1% of ethanol) gave in poor yield a yellow product, m. p. 142°, which was judged to be 
the ethyl ether of the enol ketone (Found: C, 63-8; H, 5-3; N, 4:3; S, 8-95. C,H, ,NO,S requires 
C, 63-85; H, 5-35; N, 3-9; S, 8-95%); vmax (in Nujol) 1695, 1642, and 1605cm.7. The oxime 
was obtained from aqueous methanol as a fine powder, m. p. 136° (Found: N, 7-2. C,,H,)N,O,S 
requires N, 7-5%). 

(b) To the monoketone (II; R = toluene-p-sulphonyl, R’ = Br, R” = H) (5-4 g.) dissolved 
in glacial acetic acid (100 ml.) was added selenium dioxide (1-95 g.) dissolved in water (10 ml.). 
The mixture was refluxed for 2 hr., cooled, filtered, stirred with mercury,’* diluted with water, 
and extracted with chloroform. The latter was shaken successively with dilute sodium 
hydroxide, dilute hydrochloric acid, and water, dried, and evaporated, leaving a residue (4-7 g.) 
from which the product was obtained by crystallisation from light petroleum (b. p. 100—120°). 

(c) The «-dibromo-ketone (II; R = toluene-p-sulphonyl, R’ = R” = Br) (1-38 g.), potass- 
ium hydrogen carbonate (3-5 g.), and water (50 ml.) were vigorously refluxed for 4 hr., cooled, 
and extracted with chloroform. The extract was washed with dilute hydrochloric acid and 
with water, dried, and evaporated leaving a glass (0-93 g.) from: which the diketone was obtained 
by crystallisation from light petroleum (b. p. 100—120°). 

Action of Dilute Alkali on the o-Diketone (V; R = toluene-p-sulphonyl).—The dione (380 mg.) 
in methanol (25 ml.) was treated with dilute sodium hydroxide (10%; 1 ml.). After 1 hr. the 
mixture was diluted with water, acidified with dilute hydrochloric acid, and extracted with 
chloroform. The extract, on evaporation, yielded the unchanged dione (350 mg.), having an 
infrared spectrum identical with that of the pure dione. 

Action of Calcium and Liquid Ammonia on the Diketone (V; R = toluene-p-sulphonyl).—The 
diketone (V; R = toluene-p-sulphony]l) (1-8 g.) in dry toluene (60 ml.) was added rapidly with 
mechanical stirring to a suspension of calcium (4 g.) in liquid ammonia (150 ml.). After 3 min., 
dry bromobenzene (8 g.) in toluene (50 ml.) was added slowly and stirring continued for 2 hr. 
The mixture was acidified and the aqueous layer separated and treated with ice and ammonia 
(d 0-88) until alkaline: it was then extracted with chloroform which extract was subsequently 
dried and evaporated, leaving the product (0-25 g.)._ The latter was distilled at 0-1 mm. yielding 
a brown oil (80 mg.); Vmax. 3400, 1665, and 1600cm.1. The infrared spectrum, although similar 
to that of the amino-ketone (II; R = R’ = R” = H) lacks the detail of the latter. 

The Reaction between the Diketone (V; R = toluene-p-sulphonyl) and Isopropenyl Acetate.— 
The dione (1-39 g.), isopropenyl acetate (90 ml.),!® and concentrated sulphuric acid (4 drops) 
were refluxed vigorously for 2 hr., while the volatile products were collected through a short 
vertical condenser. The mixture was cooled and treated with benzene and water; the benzene 
layer was removed, dried, and evaporated, leaving the product (1-26 g.). The quality of the 
latter could not be much improved by crystallisation from aqueous methanol or by chrom- 
atography on alumina, but it showed vmx, 1752(s) (in Nujol). When this “ enol acetate ’’ (III; 
R = Ac) was treated with potasium t-butoxide in toluene at room temperature, it was recovered 
in 65% yield, the remainder (20%) being a sulphur-containing acid which could not be purified. 

Action of Polyphosphoric Acid on the Diketone (V; R = toluene-p-sulphonyl).—The diketone 
(2 g.) was treated with polyphosphoric acid (excess) at 165—170° for 80 min., the black insoluble 
residue contained sulphur but could not be purified. 

At lower temperatures similar insoluble materials were obtained accompanied by traces of 
the starting material identified by the infrared spectrum. 

Action of Bromine on the Diketone (V; R = toluene-p-sulphonyl).—The diketone (0-21 g.), 
glacial acetic acid (25 ml.), and bromine (0-22 g.) were left at 20° for 4 days and then poured 
into water (100 ml.) and chloroform (30 ml.); after being shaken, the chloroform was removed, 


15 Nozoe, Seto, Matsumara, and Terasawa, Chem. and Ind., 1954, 1356. 

16 Rosenkranz, Kaufmann, Pataki, and Djerassi, J. Amer. Chem. Soc., 1950, 72, 1046. 
17 Birch and Smith, Quart. Rev., 1958, 12, 17. 

18 Jacques, Ourisson, and Sandris, Bull. Soc. chim. France, 1955, 1293. 

19 Irvine, Henry, and Spring, J., 1955, 1319. 
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washed with water, dried, and evaporated, leaving the product (0-3 g.) which crystallised from 
aqueous methanol in needles, m. p. 166° undepressed on admixture with the dibromo-ketone 
(II; R = toluene-p-sulphonyl, R’ = R” = Br). 

Action of 2,4-Dinitrophenylhydrazine on the Bromo-ketone (11; R = toluene-p-sulphonyl, R’ = 
Br, R = H).—Treatment of the bromo-ketone with an alcoholic solution of 2,4-dinitrophenyl- 
hydrazine containing concentrated hydrochloric acid (ca. 2%) gave an orange precipitate, which 
crystallised from glacial acetic acid in prisms, m. p. 236° undepressed on admixture with the 
2,4-dinitrophenylhydrazone of the ketone (II; R = toluene-p-sulphonyl, R’ = R” = H). 

Action of Triethylamine on the Bromo-ketone (Il; R = toluene-p-sulphonyl, R’ = Br, R” = 
H).—The bromo-ketone (3-34 g.), dry carbon tetrachloride (115 ml.), and triethylamine (25 ml.) 
were refluxed for 7 hr. and then evaporated under reduced pressure. The residue was shaken 
with dilute hydrochloric acid and benzene; after being dried (Na,SO,) the latter was chromato- 
graphed on alumina and the eluted material crystallised from methanol, yielding crystals 
(1-6 g.), m. p. 129—130° undepressed by admixture with the starting material. Elution of the 
column with polar solvents gave a fine granular dark product (1-1 g.) having an infrared spectrum 
identical with that of the starting material. 

Action of Collidine on the Bromo-ketone (11; R = toluene-p-sulphonyl, R’ = Br, R’” = H).— 
The bromo-ketone (3-0 g.) was refluxed for 24 hr. with collidine (40 ml.). The mixture was 
cooled and treated with excess of dilute hydrochloric acid and chloroform; the latter extract 
was washed with water, dried, and evaporated. The residual oil was chromatographed on 
alumina and gave the monoketone (II; R = toluene-p-sulphonyl, R’ = R” = H) (0-8 g.), m. p. 
and mixed m. p. 124°. After treatment with collidine *° for 28 hr. at 100° and similar working 
up, the bromo-ketone was recovered in 75% yield. 

Action of Triethylamine on the Dibromo-ketone (II; R = toluene-p-sulphonyl, R’ = R” = 
Br).—The dibromo-ketone (2-84 g.) was refluxed for 7 hr. with triethylamine (15 ml.) and dry 
carbon tetrachloride (150 ml.) and worked up as in the previous section. Crystallisation of the 
product from ethanol gave starting material (800 mg.), m. p. and mixed m. p. 165°, and mono- 
bromo-ketone (II; R = toluene-p-sulphonyl, R’ = Br, R’” = H) (510 mg.), m. p. and mixed 
m. p. 129°. 

2,3,4,5-Tetrahydro-4-hydroxy-5-ox0-1-toluene-p-sulphonylbenz[blazepine (I1; R = toluene-p- 
sulphonyl, R’ = OH, R” = H).—The bromo-ketone (II; R = toluene-p-sulphonyl, R’ = Br, 
R” = H) (1-78 g.) was refluxed with ethanol (60 ml.) and aqueous sodium carbonate (10%; 
20 ml.) for 1 hr., and the mixture cooled, diluted with water, and extracted with chloroform. 
The extract was dried and evaporated leaving the product as a tar (1-45 g.). After chrom- 
atography on silica gel and crystallisation from light petroleum (b. p. 100—120°), this was 
obtained as a fine powder, m. p. 196°, but satisfactory analyses could not be obtained. The 
2,4-dinttrophenylhydrazone, which crystallised from glacial acetic acid, had m. p. 231° (Found: 
C, 54-2; H, 4-3; N, 13-6. C,,H,,N,O,S requires C, 54-0; H, 4-15; N, 13-7%). 

Treatment of the Hydroxy-ketone (II; R = toluene-p-sulphonyl, R’ = OH, R” =H) with 
Phosphorus Pentoxide.—The hydroxy-ketone (120 mg.), phosphorus pentoxide (1 g.), and dry 
toluene (40 ml.) were refluxed for 6 hr., the mixture cooled and diluted with water, and the 
organic layer washed with water and chromatographed on alumina to yield a crystalline product 
(10 mg.), m. p. 152°, from light petroleum (b. p. 60—80°). This product had no infrared 
carbonyl absorption. Basification of the acid washings and solvent extraction yielded a yellow 
basic ketone (10 mg.). 


The author records his thanks to Professor P. L. Pauson for advice and to Mr. I. G. Morrison 
who helped to develop the earlier stages of the synthetical route. 


THE Royat COLLEGE oF SCIENCE AND TECHNOLOGY, 
GLASGOW. [Received, December 19th, 1960.) 


#0 Buchanan and Lockhart, J., 1959, 3586. 
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778. Enzymic Synthesis of a Glucoxylan. 
By S. A. BARKER, M. Stacey, and D. B. E. Stroup. 


On use of a xylanase-free transglucosylase from Penicillium lilacinum, a 
glucoxylan was synthesised by transfer of glucosyl units from substrate 
(44C]maltose * to a receptor esparto grass xylan. Since such a transfer was 
initially to position 3 of xylose units it could be demonstrated by an increase 
in the number of periodate-resistant xylose units. 


Two model systems)? that we have investigated to demonstrate the specificity of 
Penicillium lilacinum transglucosylase can be summarised by the reactions: 


(1) Maltose + Xylose ——~ 3-0-a-D-Glucopyranosyl-D-xylose +- Glucose 


(2) 24*C]Maltose * + Me B-D-xylopyranoside ——>> 
Me 3-O0-a-p-[14#C]glucopyranosy|-B-D-xylopyranoside (I) + [4#C]Glucose 


It was thus conceivable that a glucoxylan could be synthesised by transfer of glucosyl units 
from [14C]}maltose to position 3 of -linked xylose units in a xylan: 


(3) [t4C]Maltose + Xylan ——} 3-0-x-D-([14C]Glucopyranosyl)xylan + [!#C]Glucose 


We now report such a synthesis. The xylan used was obtained from esparto grass, 
repeated fractional precipitation as its copper complex giving a xylan devoid of arabinose 
residues.* It had been shown ? that the xylan was a singly branched molecule containing 
75 (+5) 1,4-8-linked pD-xylopyranose units and that the single branch point was con- 
stituted by a 1,3 union. In the synthesis two major problems were encountered. The 
Pencillium lilacinum cell-free extract previously used +? was found to contain xylanase 
which would have degraded the receptor xylan of reaction (3); however, fractionation of 
the extract by alcohol yielded a xylanase-free transglucosylase. The second problem was 
that this enzyme in a control incubation with [C]maltose alone yielded a radioactive 
polyglucose, indicating that reaction (4) and also probably (5) would also occur during 
biosynthesis of the glucoxylan: 


(4) [!4C]Maltose + [?*C]Maltose, etc., —— a Poly[##C]glucose +- [!4C]Glucose 


(5) [44C]Maltose + 3-O-«-p-({14C]-Glucopyranosyl)xylan ——p> 
‘ ? 
(*#C]Glucopyranosy|(| ——t» 3)-O-«-p-([?4#C]Glucopyranosyl)xylan 


Xylan is sparingly soluble in. water but dissolves in sodium hydroxide and can be 
retained in solution after neutralisation with hydrochloric acid. Introduction of glucose 
residues into xylan would increase its solubility in water and so the radioactive poly- 
saccharide obtained from the digest containing [!4C]maltose, xylan, and transglucosylase 
was fractionated after removal of the sodium chloride which kept it in solution. As 
expected, the water-insoluble fraction IB was almost wholly xylose (xylose 93%; glucose 
7%). The soluble fraction IA contained 65% of xylose and 35% of glucose and was 
separated into three components by electrophoresis on cellulose acetate paper in borate 
buffer. To justify the claim that a glucoxylan was present admixed with polyglucose(s) 
advantage was taken of the resistance that would be shown to periodate by xylose units 
substituted at position 3 by glucosyl residues. Further, any glucosyl residues which 
themselves were substituted at position 3 by further glucosyl residues would also be 


* Isotopic labelling is general, on all carbon atoms, in this and other labelled compounds named in 
this paper. 


1 Barker, Stacey, and Stroud, Nature, 1961, 189, 138. 

? Barker, Keith, Stacey, and Stroud, Paper RICC/6, ‘‘ Uses of Radioisotopes in the Physical Sciences 
and Industry,’’ Copenhagen, September, 1960. 

%’ Chanda, Hirst, Jones, and Percival, J., 1950, 1289. 
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resistant to periodate. Indeed, whereas the original xylan (1-92 mg.) contained only 
20 wg. of periodate-resistant xylose units, the same weight of glucoxylan fractions IA and 
IB contained 37 and 48 ug., respectively, whilst transglucosylase-treated xylan still 
contained only 21 yg. of such units. These results are consistent with the low degree of 
branching found previously in the original xylan * and could indicate the virtually complete 
substitution of all the non-reducing terminal xylose units in a 75 unit xylan such as might 
be present in fraction IB. Analysis also showed that many of the glucose units themselves 
were periodate-resistant and probably 1,3-linked. The attachment of glucose units to the 
xylan chain was finally proved by detection of a radioactive disaccharide containing both 
glucose and xylose in the partial acid hydrolysate of fraction IB. A control experiment 
showed that this could not have arisen by acid reversion. The more positive specific 
optical rotations of fractions IA (+10°) and IB (—65°) compared with that of the 
original xylan (—90°) suggest that the glucosyl units transferred are «-linked. 


EXPERIMENTAL 


Isolation of Penicillium lilacinum Transglucosylase.—Mycelia of Penicillium lilacinum were 
harvested after growth for 5 days at 30° on a medium (300 ml.) containing magnesium sulphate 
heptahydrate (0-074 g.), ammonium nitrate (0-1 g.), potassium dihydrogen phosphate (0-1394 g.), 
sodium chloride (0-001 g.), and maltose (50 g.). Washed aqueous suspensions of the cells were 
shaken intermittently with glass beads for 20 min. in a Mickle tissue disintegrator, then centri- 
fuged, and the cell-free enzyme extract was freeze-dried. A portion (0-25 g.) was dissolved in 
water, ethanol was added to a concentration (v/v) of 25%, and the mixture was left at 0° for 
24 hr. The precipitate (0-006 g.) formed was recovered by centrifugation and freeze-drying, 
as were further fractions (0-010 g.; 0-038 g.) that were precipitated on addition of ethanol 
to concentrations of 50% and 75% severally. The final supernatant solution was dialysed and 
freeze-dried (0-190 g.). 

The activity of the four fractions was determined by incorporating them (0-003 g. portions) 
severally in digests containing (a) maltose (50 mg.) and xylose (25 mg.) in water (1 ml.) and 
(b) xylan (20 mg.) dissolved in 4% sodium hydroxide and adjusted to pH 7 with 2N-hydro- 
chloric acid (final volume, 1 ml.). Paper chromatography revealed the formation of 3-O-«- 
glucosylxylose by the 50% and 75% ethanol fractions in digests of type (a) and the degradation 
of xylan to xylosaccharides by the 25% and 50% ethanol fractions in digests of type (b). No 
xylanase activity was exhibited by the 75% ethanol fraction, and the supernatant fraction was 
completely inactive. The 75% ethanol fraction constitutes the Penicillium lilacinum trans- 
glucosylase used in the enzymic synthesis. 

Properties of the Esparto Grass Xylan used as Receptor.—Xylan isolated from esparto grass 
by the method of Chanda, Hirst, Jones, and Percival * had [a],?® —90° (c 0-5 in N-NaOH) and 
when hydrolysed with 2N-hydrochloric acid at 100° for 3 hr. yielded only xylose (96%). Xylose 
was assayed * by separation on paper chromatograms irrigated with butanol—ethanol—water 
(4: 1: 5), development of the chromatograms with aniline hydrogen phthalate, elution of the 
coloured spot, and determination of xylose content by measurement of the extinction coefficient 
of the solution at 360 my and comparison with a calibration curve constructed for the range 
5—200 yg. of monosaccharide. Glucose was assayed in a similar manner by measurement of 
the extinction coefficient of its chromogen at 390 mu. 

Enzymic Synthesis of a Glucoxylan.—P4C]Maltose (125 mg.; 0-1 mc) and transgluco- 
sylase (4 mg.) were incorporated in a digest (40 ml.) containing xylan (125 mg.) which had been 
dissolved in N-sodium hydroxide (20 ml.) and neutralised with 2N-hydrochloric acid. After 
incubation for 5 days at 30° enzyme activity was arrested by boiling. The digest was dialysed 
for 4 days and freeze-dried (141 mg.; product I). 

As a control [“C]maltose (12-5 mg.) and transglucosylase (0-4 mg.) in water (4 ml.) were 
incubated for 5 days at 30°. The solution was then boiled, xylan (12-5 mg.) added, and the 
whole dialysed for 4 days and freeze-dried (14-5 mg.; product II). Portions of products (I) 
(1-0 mg.) and (II) (0-2 mg.) were diluted with inactive maltose (ca. 30 mg.) and their *C contents 


4 Wilson, Analyt. Chem., 1959, 31, 1199. 
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assayed by gas-counting after combustion (results calc. as per g. of carbon). Product (I) 
showed 35,100 c.p.m., and (II) 101,000 c.p.m. (by reference to a standard compound 
9000 c.p.m. = luC/g. of carbon). 

Product (I) (140 mg.) was stirred in water (150 ml.) at room temperature for 24 hr., then 
centrifuged for 6 hr. at 2500 r.p.m., and the filtrate and precipitate were freeze-dried separately, 
to yield products (IA) (32 mg.), [aJ,’* + 10° (c 0-2 in N-NaOH) and (IB) (108 mg.), [a],1* —65° 
(c 0-2in N-NaOH). A similar fractionation of the control (II) (14-3 mg.) gave a soluble fraction 
(ILA) (2 mg.) and an insoluble fraction (IIB) (12-3 mg.). Radioactive assay of portions (0-7 mg.) 
of the fractions (as above) showed the following activities: IA, 30,080; IB, 4800; IIA, 92,000; 
IIB, 7000 c.p.m. Electrophoresis on cellulose acetate paper in 0-1m-borate buffer of pH 10 
showed that product (IA) contained three components, of which two gave a weak and one a 
strong reaction with periodate—-Schiff reagent. Only one weakly reacting component was 
detected in product (IIA). 

Sugar Contents of Glucoxylan Fractions.—Fractions (IA) (0-24 mg.) and (IB) (0-20 mg.) were 
separately hydrolysed with 2N-hydrochloric acid at 100° for 2 hr. After neutralisation with 
silver carbonate the filtrates were freeze-dried and analysed by quantitative paper chrom- 
atography.* Fraction (IA) contained 65% of xylose and 35% of glucose; fraction (IB) 
contained 93% of xylose and 7% of glucose. Qualitative examination of hydrolysates of 
products (IIA) and (IIB) showed that the former contained only glucose and the latter contained 
glucose and xylose. 

Periodate Oxidation of Glucoxylan Fractions.—The glucoxylan fractions (IA) (1-9 mg.) and 
(IB) (1-91 mg.), the original receptor xylan (1-92 mg.), and xylan (1-88 mg.) which had been 
incubated with the transglucosylase alone were oxidised for 8 days severally in the dark with 
sodium metaperiodate (20 mg.) in water (2 ml.). Ethylene glycol (0-05 ml.) was then added 
and each solution transferred by micropipette with washing to a dialysis tube. After 3 days’ 
dialysis against running water each tube and its contents were thoroughly extracted and the 
solutions obtained were freeze-dried. Each periodate-oxidised polysaccharide was hydrolysed 
with N-hydrochloric acid (0-2 ml.) at 90° for 2 hr. and neutralised as above and the supernatant 
liquids obtained on centrifugation were freeze-dried. Assay by quantitative paper chrom- 
atography * showed that while the original xylan contained only 20 ug. of periodate-resistant 
xylose units and the enzyme-treated xylan 21 ug. of periodate-resistant xylose units, the yields 
from fractions (IA and B) were 37 and 48 ug., respectively. Further, fractions (IA and B) 
contained 220 and 130 ug. of periodate-resistant glucose units, respectively, which were absent 
from the original xylan. Quantitative determination 5 of the moles of periodate consumed per 
132 g. of polysaccharide showed: IA, 0-85; IB, 0-95; xylan, 1-05. 

Partial Acid Hydrolysis of Periodate-oxidised Glucoxylan (IB).—A portion (2 mg.) of 
periodate-oxidised material (IB) was hydrolysed with 0-5n-hydrochloric acid at 90° for 1 hr. 
After neutralisation the sample was applied in two equal portions to separate chromatograms each 
carrying as reference compounds maltose, nigerose, glucose, and 3-O-«-D-glucosyl-pb-xylose. After 
irrigation one chromatogram was sprayed with alkaline silver nitrate and showed a component 
having the same Ry value as the glucosylxylose together with some glucose, xylose, and oligo- 
saccharides. The various individual components were cut out and assayed for radioactivity by 
the method of liquid scintillation. The paper disc was placed in a vessel containing a few ml. 
of liquid scintillator (2,5-diphenyloxazole in toluene) in a refrigerator at —10°. The scintil- 
lations produced by the emission of B-rays were measured by means of a photomultiplier. The 
activities in c.p.m. were: glucose, 100; glucosylxylose, 50; nigerose, 102; trisaccharide (Rmaitose 
0-44), 65; together with other components Ryattose 18 (40 c.p.m.), 1-3 (20), 1-0 (107), 0-31 (10), 
0-16 (20). In a further experiment the glucosylxylose component was again isolated as above 
and hydrolysed. Glucose and xylose were detected in the hydrolysate. ‘ 

Isolation and Properties of the Polyglucose.—[}4C]Maltose (500 mg.) and enzyme (5 mg.) in 
water (20 ml.) were incubated together for 5 days at 30°, during which no precipitation was 
observed. Enzyme activity was then destroyed by boiling and the mixture freeze-dried. A 
portion (90 mg.) of the residue was redissolved in water (3 ml.) and passed down a column 
(2 x 30 cm.) of Sephadex G-25 at 30 ml./hr. Carbohydrate analysis of the 5-ml. fractions 
collected revealed two components (fractions 9—10, 1-5 mg.; fractions 11—14, 2-5 mg.) in the 
region expected for molecules with molecular weights >4000. Periodate oxidation of both 


5 Fleury and Lange, J]. Pharm. Chim., 1933, 17, 107, 196. 
® Haigh, Proc. UNESCO Radio-isotopes Conf. Paris, 1957, 663. 
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these fractions and determination of the proportion of resistant glucose units as above revealed 
40 ug. per 100 ug. of the first component and 45 yg. per 110 ug. of the second component. 


The authors are deeply indebted to Dr. J. C. Bevington for the radioactivity assays. One of 
them (D. B. E. S.) thanks the University of Birmingham for a research scholarship. 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM, 15. [Received, December 29th, 1960.} 


779. The Acidity Function, H,, in Ethylene Glycol and Ethylene 
Glycol-Water Mixtures. 


By Cu. Karipas and SANTI R. PALIT. 


Acidity fuactions have been measured with the indicators, p- and o-nitro- 
aniline and 4-chloro-2-nitroaniline, for hydrochloric acid in ethylene glycol up 
to 2m-acid concentration. Similar measurements have been made for hydro- 
chloric and perchloric acid up to 4m-concentration in 50% (v/v) aqueous 
glycol; Hy, values for perchloric acid up to M-concentration in 10% (v/v) 
aqueous glycol with two indicators, p- and o-nitroaniline, are also presented. 
The results suggest that the H, concept is applicable to all the media studied 
and indicate the greater acidic character of ethylene glycol than of 
methanol and ethanol. The rates of hydrolysis of sucrose, depolymerisation 
of paraldehyde, and iodination of acetone have been measured at various 
acid concentrations in 50% (v/v) aqueous glycol. The rate of the iodination 
of acetone at different acid concentrations was extended to 1 : 9 (v/v) aqueous 
glycol. The applicability of Zucker-Hammett hypothesis to these media is 
discussed. 


RECENT interest in acidity functions has been confined ! mainly to the mechanism of acid- 
catalysed reactions. Bascombe and Bell * have, however, shown that the acidity function 
can be of use in interpreting the behaviour of concentrated acid solutions. Further, the 
ease of measurement of acidity function in non-aqueous media offers a simple method for 
the comparison of solvent basicities. 

Comparatively few indicator data are available for non-aqueous media, particularly for 
alcohols. Braude* reported H, data in different solvents with a single indicator, p-nitro- 
aniline, and Satchell* investigated various ethanol-water mixtures extensively. The 
results suggest that the acidity function has no generality in these media. Eaborn® 
studied methanol—water mixtures and recently showed that in 27°, aqueous methanol the 
plot of the logarithm of the indicator ratio for p-nitroaniline against that for o-nitro- 
aniline does not give unit slope. Bunton and his co-workers ® established the H, scale in 
two aqueous dioxan media, one containing 40°% and the other 60° (v/v) of dioxan. 

Application of the acidity function to mechanistic investigations of acid-catalysed 
reactions is well known. Zucker and Hammett?’ have suggested on the basis of this 
application that A-1 and A-2 reactions (in Ingold’s terminology) can be distinguished 
according to whether the rate increases in proportion to /, (antilog —H,) or acid con- 
centration. The advantages of mixed and non-aqueous media in these investigations, as 
pointed out by Paul and Long,? are two-fold: the kinetic investigations can be extended to 
substances insoluble in water and there is a possibility that —log C);:—H, plots may be 

1 Long and Paul, Chem. Rev., 1957, 57, 1, 935. 

® Bascombe and Bell, Discuss. Faraday Soc., 1957, 24, 158. 

’ Braude, J., 1948, 1971. 

4 Satchell, J., 1957, 3524. 

’ Eaborn, /., 1953, 3148. 


Bunton, Lev, Rhind-Tult, and Vernon, /]., 1957, 2327. 
*7 Zucker and Hammett, J]. Amer. Chem. Soc., 1939, 61, 2779. 
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significant at lower acid concentrations than in water. Although the limitations of the 
Zucker-Hammett hypothesis were shown in recent communications,® the present investig- 
ations were made with a view to understanding the solvent basicity of ethylene glycol and 
its mixtures, and to see whether H, data in these media are useful for kinetic investigations 
of the Zucker-Hammett type. This is of interest as glycol mixtures have been lately 
used extensively for non-aqueous acid-base titrations. 

Results of acidity-function measurements in ethylene glycol and two aqueous glycol 
media, and the application of these data to a few acid-catalysed reactions are here 
presented. 


RESULTS 


The acidity function, Hy, is defined by pApy+ — log (Cpy+/Cg) or —log (aq+ . fg/fgn+), where 
the activity coefficients of all the species are referred to a value of unity at infinite dilution in 


TABLE 1. Hg, of hydrogen chloride in ethylene glycol. 


Acid (mM) log I Hy Acid (m) log I Hy, Acid (m) log I Hy 

p-Nitroaniline, pKgy+ 0-99 o-Nitroaniline, pXgyt+ —0-29 4-Chloro-2-nitroaniline, 
pKgxut —1-03 

0-050 0-61 0-38 0-200 0-07 — 0-36 0-500 —0-43 — 0-60 
0-100 0-985 0-005 0-500 0-38 — 0-68 0-800 —0-12 —0-91 
0-200 1-34 —0-35 0-700 0-58 —0-87 1-000 —0-01 — 1-02 
0-392 1-58 — 0-59 1-000 0-76 —1-05 1-500 0-22 — 1-25 
0-600 1-76 —0-77 1-300 0-95 —1-24 2-000 0-48 —1-51 
0-741 1-83 — 0-84 $ 
1-000 1-98 —0-99 


TABLE 2. Hg of perchloric acid in 50% (v/v) aqueous ethylene glycol. 


Acid (m) log I Hy Acid (m) log I Hy, Acid (m) log I H, 
p-Nitroaniline o-Nitroaniline 4-Chloro-2-nitroaniline 

0-060 —0-44 1-43 0-500 — 0-86 0-57 2-563 0-05 — 1-08 
0-100 — 0-23 1-22 1-000 —0-29 0-00 3-280 0-43 — 1-46 
0-400 0-42 0-57 1-700 0-20 — 0-49 3-582 0-59 — 1-62 
0-800 0-85 0-14 2-563 0-63 —0-92 3-894 0-81 — 1-84 
1-000 0-99 0-00 3-000 0-90 —1-19 4-100 0-94 1-97 
1-500 1-32 — 0-33 3-582 1-31 -1-60 

2-000 1-57 —0-58 


TABLE 3. H, of hydrogen chloride in 50% (v/v) aqueous ethylene glycol. 


Acid (M) log I Hy, Acid (m) log I H, Acid (™) log I H, 
p-Nitroaniline o-Nitroaniline 4-Chloro-2-nitroaniline 

0-060 —0-24 1-23 0-500 —0-73 0-44 2-500 —0-42 —0-61 
0-100 —0-08 1-07 1-000 —0-30 0-01 3-200 —0-06 —0-97 
0-400 0-46 0-53 1-700 0-03 — 0-32 3-500 0-07 —1-10 
0-800 0-81 0-18 2-500 0-37 - 0-66 3-800 0-22 — 1-25 
1-000 0-96 0-03 3-000 0-62 —0-91 4-000 0-30 — 1-33 
1-500 1-24 —0-25 3.500 0-81 ——1-10 
2-000 1-44 —0-45 


TABLE 4. Hg of perchloric acid in 1:9 (v/v) aqueous ethylene glycol. 


Acid (m) log I Hy Acid (m) logI , Hy 
p-Nitroaniline o-Nitroaniline 

0-100 0-07 0-92 0-200 — 1-26 0-97 
0-300 0-62 0-37 0-400 —0-63 0-34 
0-400 0-79 0-20 0-600 —0Q-27 —0-02 
0-500 0-97 0-02 0-800 0-01 —0-30 
0-600 1-09 —0-10 1-000 0-25 —0-54 
0-700 1-22 —0-22 1-14 0-35 — 0-64 
0-900 1-43 — 0-44 

1-000 1-55 — 0-55 
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Fic. 1. Plot of Hy against concentration in (1) 
ethylene glycol and (2—4) 50% viv aqueous 
ethylene glycol for (1,4) hydrogen chloride and (2,3) 
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water. The pApjy+ values used in the calculation of Hy are thus those reported by Paul and 
Long! for water. The indicator ratio, I (=Cgq+/Cy), can be calculated by employing a formula 
details of which are given in the Experimental section. 

Table 1 gives the H, values for hydrochloric acid in pure ethylene glycol. Tables 2 and 3 
give H, values for perchloric and hydrochloric acid in 50% (v/v) aqueous glycol. Table 4 gives 
H, values for perchloric acid in 1 : 9 (v/v) aqueous glycol. While all the three indicators were 
used in measurements in glycol and 50% (v/v) aqueous glycol, only ~- and o-nitroaniline were 
used in measurements in 1: 9 aqueous glycol. These results are illustrated in Figs. 1—4. 

By plotting (log J — log C,) against Cy, at a series of acid concentrations (J = indicator 
ratio and Cy = acid concn.) and extrapolating the graphs to zero concentration, approximate 
pKgiy+* values (i.e., the indicator constants when the activity coefficients are referred to a value 
of unity at infinite dilution in the particular solvent) have been obtained. These values are 
listed in Table 5. 

Tables 6 and 7 list results for hydrolysis of sucrose and depolymerisation of paraldehyde at 
various acid concentrations in 50% (v/v) aqueous glycol. Tables 8 and 9 give the results for 
iodination of acetone at a series of acid concentrations in 50% (v/v) and 1:9 (v/v) aqueous 
glycol respectively. 

The rate of iodination of acetone is proportional to the stoicheiometric acidity in both the 
media and log k plotted against —log Cyio, in Fig. 5 gives a slope of unity in 50% (v/v) aqueous 
glycol and 1-16 in 1: 9 aqueous glycol. The results for this reaction in water are plotted for 
comparison. 


Ethylene Glycol and Ethylene Glycol—-Water Mixtures. 
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Fic. 7. Plot of log k against (1,2,4) Hy and (3) [HCI] im (1) 
water, (2,3) 50% v/v aqueous ethylene glycol, and (4) 75-6 
mole % aqueous ethanol. 
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faster than the stoicheiometric acidity, and log k plotted against H, in Figs. 6 and 7 give slopes 
of 0-98 and 1-22, respectively. For both the reactions, results in water and a mixed aqueous 


TABLE 5. pKgy+5 values of the indicators. 
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Ethylene 1:9 (v/v) 50% (v/v) 
Indicator glycol aqueous glycol aqueous glycol 
DPD. ase isiciihnseiticivces 2-00 0-98 0-76 
NID eins cciitnnussicecivienvewn 0-76 — 0-42 —0-63 
4-Chloro 2-nitroaniline ............... —0-10 = — 1-33 
TABLE 6. Hydrolysis of sucrose in 50% (v/v) aqueous ethylene glycol. 
10° 
Acid (m) (min.-!) log k H, log k + Hy log k — log Cy? 
0-700 3°55 — 1-45 0-25 — 1-20 — 1-30 
0-900 4-85 —1-31 0-08 —1-23 — 1-26 
1-200 7-19 —I1-14 —0-15 — 1-29 —1-22 
1-500 10-96 — 0-96 — 0-33 —1-29 + —1-14 
1-782 14-13 —0°85 — 0-50 —1-35 —1-10 
2-200 31-62 — 0-50 —0:75 — 1-25 — 0-84 
TABLE 7. Depolymerisation of paraldehyde in 50°%, (v/v) aqueous ethylene glycol. 
10% 
Acid (Mm) (min.~) log k H, logk +H, logk — log Cy! 
1-000 2-14 — 1-67 0-00 — 1-67 — 1-67 
1-500 5-754 — 1-24 — 0-26 — 1-50 — 1-42 
2-000 9-55 — 1-02 — 0-46 — 1-48 —1-32 
2-500 21-73 — 0-663 — 0-66 — 1-32 — 1-06 
3-000 35-48 — 0-45 —0-90 — 1-35 —0-93 
6P 
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TABLE 8. Jodination of acetone in 50% (v/v) aqueous ethylene glycol. 


10% 

Acid (m) (mole 1.-! min.~}) log k Hy logk +H, Ilogk — log Cat 
0-709 7-244 —5-14 0-20 —4-94 —4-99 
1-014 10-00 — 5-00 0-00 — 5-00 — 5-00 
1-503 14-45 —4-84 — 0-32 — 5-16 — 5-02 
1-800 18-20 —4-74 — 0-45 —5-19 — 5-00 
2-210 21-38 — 4-67 —0-70 — 5-37 —5-01 


TABLE 9. Jodination of acetone in 1:9 (v/v) aqueous ethylene glycol. 


10% 

Acid (Mm) (mole 1.-? min.~) log k Hy, log k +- Hy log k — log Cyt 
0-210 5-495 — 5-26 0-50 —4-76 — 4-56 
0-406 14-13 —4-85 0-27 —4-58 —4-45 
0-603 23-99 — 4-62 — 0-06 — 4-68 —4-42 
0-805 30-20 — 4-52 — 0-30 —4-82 —4-45 
1-000 35-48 —4-45 — 0-54 —4-99 —4-45 


medium (40% dioxan for hydrolysis of sucrose and a 24-4 moles % aqueous ethanol for 
depolymerisation of paraldehyde) are plotted for comparison. In all cases the reactions were 
studied in the acidity ranges where —log Cy+ and H, differ considerably. 


DISCUSSION 


For the acidity function to obtain ina solvent, two conditions must be fulfilled: (i) fp//nu+ 
should be independent of the indicator used; and (ii) log (Cog+/Cc) — log (Cax+/Cp) for a 
pair of indicators B and C should be the same in different solvents and should equal the 
value in water. Satchell,® in a detailed survey of the results for mixed and non-aqueous 
media, concluded that, while the first condition is generally fulfilled, it is in the second 
that deviations occur for many solvents. He also showed that the ApKgy+ values (the 
difference in the values for an indicator in water and the medium in question) for an 
indicator should be the same and, if fs/fsx+ remains constant for a series of indicators in 
that solvent, then stepwise calculations based on a pK value of an indicator in water will 
afford pK values equal to those in water for other indicators. Under these conditions, 
H, values calculated from pK values (in water) of a pair of indicators coincide in the 
overlap region. 

The results for all the present media satisfy both the conditions within the limits of 
experimental error. From Figs. 2 and 3 it is seen that log J plots for the three indicators 
in the different media are fairly parallel. A more critical test of such a parallelism is as 
follows. If from one curve X of Fig. 2 or 3 one plots the slopes at points corresponding to 
concentrations a, b,c . . . against the slopes of a second curve Y severally at the same 
concentrations, then this new plot is a straight line with slope unity if the curves X and Y 
are parallel. For the pair, o/p-nitroaniline, these slopes are 1-10 in ethylene glycol, 1-05 in 
50% v/v aqueous glycol, and 1-08 in 1:9 v/v aqueous glycol; for the pair, 4-chloro-2- 
nitroaniline/o-nitroaniline, the slopes are 0-97 and 1-00 in the pure glycol and 50% v/v 
aqueous glycol, respectively. These values are probably within the limits of experimental 
error since J values include those in the low protonation range as well. The difference 
between the logarithms of indicator ratios for pairs of indicators is thus constant and also 
equals the value in water. This means that the relative basicity of a pair of indicators is 
unchanged on changing the medium from glycol or glycol-water mixture to water, which 
is the basic assumption underlying the development of acidity function. It can thus be 
concluded that the H, concept is valid for these media. 

Basicity of Ethylene Glycol and its Mixed Media.—The H, values in glycol are more 
negative at a given acid concentration than in water, ethanol, or methanol, although the 
H, data in methanol were obtained with methanesulphonic acid. The conclusion is that 


® Satchell, J., 1958, 1916. 








r19¢ 


ethy: 
agree 
appli 
obta: 


to fo 
that 


is th 
this 1 
N 
incre 
great 
the J 
to th 
attac 
hypo 
alcoh 
grou] 
elect 
B 
meth 
to cx 
obser 
long 
comfy 
the e 
T 
charé 
acid 
tend 
mixt 
prese 
T 
H, in 
in we 
of th 
we ge 


If, as 
activ: 
This 
becat 
10 
11 


12 
13 








XUM 


[1961] Ethylene Glycol and Ethylene Glycol-Water Mixtures. 4003 


ethylene glycol is much less basic than the other hydroxylic solvents named. This is in 
agreement with Palit’s surmise from studies of the solubility of soaps in glycols and the 
applicability of glycol mixtures as titration media for weak bases and with results 
obtained by Hine and Hine and lately by Ballinger and Long by other methods. 

The greater acidity of ethylene glycol than of alcohols possibly arises from its capacity 
to form hydrogen bonds (intra- and inter-molecular) between the two hydroxyl groups so 
that the hydrogen atoms of these groups become more positive (cf. A). One oxygen atom 


H.C — CH2 H,C—CH2 H,C — CH 
1 | | + | | 
oO, oO, ee te OO ar te 4 ee 
H" ~H HCI ~H" ~H H” ~H 
(A) (B) (C) 


is then more basic than the other, so that an acid, e.g., HCl, tends to become attached to 
this more basic oxygen atom (cf. B), a process that is followed by ionisation (C). 

Now in the ion (C), a result of the three groups attached to each oxygen atom is to 
increase the B strain. Since ethylene glycol contains more CH, groups, this effect may be 
greater than in the conjugate acid cations of methyl or ethyl alcohol. The net result of 
the B strain effect is to decrease the electron-releasing powers of the CH, groups attached 
to the oxygen atoms by increasing the steric and dipolar repulsions between the groups 
attached to oxygen. This in turn increases the C-O-H bond angle. (The B strain 
hypothesis was employed by Hine and Hine ™ to explain the relative basicities of water, 
alcohols, and ethers.) It is thus likely that the electron-releasing capacity of the CH, 
groups is much diminished in the acid cation of ethylene glycol which results in a lower 
electron-density on both the oxygen atoms, facilitating removal of a proton. 

Bunton and his co-workers ® believed that, as the variation of —log Cy+ and Hy in 
methanol is the same when methanesulphonic acid was employed, it was not permissible 
to compare solvent basicities at fixed acid concentrations. A similar result can be 
observed from our H, values for hydrochloric acid in ethylene glycol. We believe that, so 
long as the same acid is used and provided that the ionisation of the acid is also large, a 
comparison of solvent basicities can still be made since it was shown by Hammett } that 
the effect of dielectric constant of the solvent will be small in highly ionised systems. 

The basicity of the mixed media increases with increasing amounts of water and is 
characterised by substantial increase in Hy values, when comparison is made at a single 
acid concentration up to about 50% (v/v) aqueous glycol. Further additions of water 
tend to increase acidity. Similar observations were made by Braude ® for ethanol-water 
mixtures. It is likely that the explanation given by Paul and Long? holds also in the 
present case. 

The rates of hydrolysis of sucrose and of depolymerisation of paraldehyde depend on 
H, in 50% (v/v) aqueous glycol. This is also the correlation obtained for both the reactions 
in water. Applying Brénsted’s equation for the effects of the medium on the heterolysis 
of the conjugate acid of the substrate as the rate-determining step and substituting for ay:, 
we get 


log k = —H, + log fou Ss + Constant. 
frfr+ 

If, as found in Figs. 6 and 7, the plot of log & against Hy, is linear with slope unity, the 
activity coefficient factor in the above equation remains constant with changing acidity. 
This is quite plausible since fg/fp+ can be expected to behave in the same way as /p//sx+ 
because of the similar nature of the transition state (T*) and of the conjugate acid BH*. 

10 Palit, J. Amer. Chem. Soc., 1947, 69, 3120; Ind. Eng. Chem., Analyt., 1946, 18, 246. 

11 J. Hine and M. Hine, J. Amer. Chem. Soc., 1952, 74, 5266. 


12 Ballinger and Long, J. Amer. Chem. Soc., 1960, 82, 795. 
18 Hammett, J. Amer. Chem. Soc., 1928, 50, 2666. 
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While a true correlation requires that the log k-H, graph should be of slope unity, in the 
present case, the slope for the depolymerisation of paraldehyde is somewhat higher, which 
in terms of the above equation means that /g/fr+ is increasing faster than fp/fpq+. Such 
small departures from the essential requirement of unit slope, as pointed by Paul and 
Long,! are to be expected since the indicators used in establishing the Hy scale are very 
different from the substrates in the kinetic experiments. 

For both the reactions, Figs. 6 and 7 show that the rate is considerably faster (about 
three times) than that in water at corresponding values of Hy. If log k were to depend 
only on Ho, then the activity-coefficient factors in the above equation should be equal and 
the rates in water and the mixed medium will also be equal. But inequality of rates in 
water and 50% (v/v) aqueous glycol thus indicates that these ratios are not equal but that 
their first derivatives with acid concentration remain approximately equal, an observation 
in agreement with those of Bunton and his co-workers.® 

The rate of iodination of acetone in 50% (v/v) and 1:9 aqueous ethylene glycol is 
proportional to the stoicheiometric acidity. Applying Brénsted’s equation for the rate- 
determining step, which in this case involves the bimolecular reaction of the conjugate acid 
of the substrate and a nucleophile, and simplifying, we get 


log k = log Cq+ + log (fsfn+4y/fr+) + Constant, 


where @y is the activity of the solvent and the other terms retain their usual significance. 
Since, as shown in Fig. 5, a plot log k against log Cy: is linear, the activity-coefficient term 
in the above equation remains constant with changing medium. But it was pointed out 
by Long and Paul ! that this condition cannot be expected to be general since the behaviour 
of the transition state on change in the medium is uncertain because of its structural 
difference from the conjugate acid of the substrate. It is not surprising then that different 
results were obtained in a number of cases for reactions which are known to proceed by 
an A-2 mechanism. Satchell !4 found that iodination of acetone in a series of ethanol-water 
mixtures does not follow the stoicheiometric acidity (as the Zucker-Hammett hypothesis 
predicts for an A-2 reaction) once a certain composition of ethanol—water is reached, but 
in our work increasing additions of ethylene glycol do not affect the essential dependence of 
log k on log (acid conen.). Archer and Bell reported rate data for the iodination of 
acetone in acid up to 8m-concentration and the interpretation of their data, in a recent 
modification suggested by Bell,!® is that the rate depends only on acid concentration, the 
correction for the protonation of acetone being negligible. The rate, however, is found to 
be somewhat higher than in water at equal acid concentrations in both the media and also 
shows a slight increase with increasing glycol content of the medium at constant acid con- 
centration. Similar observations 4 were made for ethanol—water mixtures. 


EXPERIMENTAL 


Materials.—Ethylene glycol. Reagent-grade ethylene glycol supplied by Fisher Scientific 
Co., U.S.A., was used. It contained no trace of acid or basic impurity. Anhydrous sodium 
sulphate was added in sufficient quantity to remove any water. The material was then 
distilled. Drying was repeated. Then several distillations through a long column gave a 
fraction, b. p. 195—196°, that was stored out of contact with air; it had n** 1-4300.!? 

Water. Water was doubly distilled in an all-glass apparatus. 

Perchloric acid. 60% and 70% (w/v) Perchloric acid supplied by E. Merck was employed 
throughout. 

Hydrochloric acid. For measurements in ethylene glycol, hydrogen chloride was generated 


14 Satchell, J., 1957, 2878 

15 Archer and Bell, J., 1959, 3228. 

16 R. P. Bell, personal communication. 

17 Cf. Weissberger, ‘‘ Organic Solvents, Physical Properties and Methods of Purification,” Inter- 
science Publ., Inc., New York, 1955. 
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from sulphuric acid and ‘‘ AnalaR ” hydrochloric acid and was passed through sulphuric acid 
directly into the glycol. For studies in 50% (v/v) aqueous glycol, ‘‘ AnalaR ’”’ hydrochloric 
acid was used. 

Indicators. p-Nitroaniline, o-nitroaniline, and 4-chloro-2-nitroaniline were recrystallised 
twice from aqueous alcohol and checked for purity by their m. p.s. 

Other materials for kinetic investigations. All were of ‘“‘ AnalaR ”’ quality or were purified by 
the recommended methods. 

Preparation and Standardisation of Acid Solutions.—In studies with hydrogen chloride in 
pure glycol, the gas was bubbled into the glycol until the concentration was about 2m. This 
solution was standardised by aqueous 0-1N-sodium hydroxide. This solution retained constant 
strength on storage. Appropriate portions of this stock acid in glycol were added from a micro- 
burette to give solutions of the desired acid concentration. 

Solutions of perchloric and hydrochloric acid in 50% (v/v) aqueous glycol were prepared 
from a stock 2M- or 5M-aqueous acid. 

Indicator Solutions.—These solutions (0-0005M) were prepared in pure glycol by weight and 
aliquot parts were then used. 

Procedure.—Optical measurements were carried on a Hilger ultraviolet spectrophotometer. 
The temperature in the cell compartment was not controlled but fluctuations were not sufficient 
to introduce significant error. The temperature was always 30° + 2° during measurements. 

The indicator ratio was calculated by the formula Cgy+/Cz = (en — ¢3)/eg — egy+), where eB 
is the extinction coefficient of the indicator in the purely basic form at a particular wavelength, 
3 is the extinction coefficient at the same wavelength in the test solution, and egy+ is the extinc- 
tion coefficient of the conjugate acid of the indicator. 

The molar extinctions coefficients (eg) of the indicators were determined by the usual 
procedure in all the media under study. Beer’s law was obeyed for all the three indicators at 
the wavelength of maximum absorption of the basic forms. The extinction coefficient in the 
acid solution was next determined as follows: A known volume of the stock indicator solution 
in glycol was added to the test solution so that the optical density of the solution was in the 
range 0-30—0-70 (a preliminary experiment was usually necessary) (cf. Braude * and Lemaire 
and Lucas #8). The pure solvent was employed as control. The acid forms of the indicators 
gave negligible absorptions at the wavelengths of maximum absorptions of their basic forms. 
Extinction coefficients in test solutions were checked at two or three indicator concentrations to 
see whether they were reasonably independent of concentration; they were generally so to 
an accuracy of +5%. The volume of glycol introduced during addition of the indicator 
solution to the test solution was taken into account in keeping the ratio of glycol to water 
constant in measurements in glycol—water mixtures. 

The optical density of the test solution was measured for a few wavelengths near the 
absorption peak to detect any shift in the wavelength of maximum absorption of an indicator 
due to changing medium: except for p-nitroaniline, where a considerable shift to lower wave- 
lengths occurred at higher acid concentrations in all media, no such shift was observed. In 
calculating the indicator ratio, the extinction coefficient only at the wavelength of maximum 
absorption of the basic form was considered. 

While this shift, due to changing medium, in the wavelength of maximum absorption of the 
test solution in 50% (v/v) aqueous glycol is not large enough to introduce considerable error in 
the calculated values of Ho, this is not so in studies in ethylene glycol. Here, a gradual shift of 
the maximum to lower wavelengths was noted with increasing acid concentration. When the 
extinction coefficient at changing wavelength was used in the calculations, rather than the 
method of the present work, the H, values differed by about 0-10 unit in the concentration range 
0-80—1-00mM. Below this concentration range, the difference between the two methods of 
calculation is negligible. 

Kinetic Experiments.—(a) Hydrolysis of sucrose. The rate of hydrolysis of sucrose (5 g. 
per 100 c.c.) at different concentrations of perchloric acid in 50% (v/v) aqueous glycol was 
followed polarimetrically. Calculated amounts of ethylene glycol and aqueous sucrose were 
mixed such that when the acid was added at a later stage the ratio of glycol to water was 50: 50. 
The appropriate amount of acid was added to this mixture to start the kinetic experiment and 
the solution immediately transferred to the polarimeter tube maintained at 30°. The rotatory 
power was determined at convenient times. Infinity readings were taken the next day and 


18 Lemaire and Lucas, J. Amer. Chem. Soc., 1951, 78, 5198. 
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were fairly constant. Good linear plots were obtained when log (#, — *..) was plotted against 
time. The rate constant was calculated from the slope of the plot. 

(b) Iodination of acetone. ‘The rate of iodination of acetone at different ‘perchloric acid 
concentrations in 50% (v/v) and 10% (v/v) aqueous glycol was studied at 30° with a Hilger 
spectrophotometer. The method adopted was that of Satchell?* with slight modifications. 
The concentration of acetone was maintained at 0-003m while the iodine concentration was 
varied from 3 to 8 x 10-‘m, the range in which Beer's law was obeyed for iodine solutions. The 
rate of the iodination was found to be of zero order for the concentrations of the halogen used, 
this being verified by varying the iodine concentration by nearly a factor of two in all cases. 
Sodium nitrite was employed as the oxidising agent to reoxidise the iodide ions formed in the 
reaction to iodine (the advantages thereof are described elsewhere '*). For media richer in 
glycol addition of nitrite itself decolorised the iodine to a slight extent: the resulting error was 
minimised (i) by adding the nitrite immediately before the kinetic experiment and (ii) by keep- 
ing the nitrite concentration equal to the concentration of iodine employed in the particular 
experiment. Use of potassium iodate as oxidising agents gave the same results as use of nitrite. 
Good zero-order plots were obtained for both media. 

(c) Depolymerisation of paraldehyde. The rate of depolymerisation of paraldehyde in hydro- 
chloric acid solutions in 50% (v/v) aqueous glycol was studied at 30° by a method similar to that 
used by Bell and Brown ™ and by Satchell.4 Good first-order plots were obtained for about 
70% reaction by plotting log (*.. — 4%) against time. 

INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE, 

JADAvPuR, CALcuUTTA-32, INDIA. [Received, December 29th, 1960.]} 


19 Bell and Brown, J., 1954, 774. 





780. 1-Phenylethoxyl Radicals in the Thermal Decomposition 
of 1-Phenylethyl Nitrite. 


By PETER Gray, M. J. PEARSON, and P. RATHBONE. 


The thermal decomposition of 1-phenylethyl nitrite has been studied in 
solution and as the pure liquid in the temperature range 80—140°c. De- 
composition is initiated by O-N bond fission; in cumene, essentially 
complete conversion into 1l-phenylethanol occurs: Ph*CHMe:-O-NO —» 


XH 
Ph-CHMe:O: + NO; Ph:CHMe:O- ——> Ph-CHMe-OH. Decomposition of 
the pure liquid follows approximately first-order kinetics and leads mainly 
to acetophenone and l-phenylethanol; benzoic acid is a minor product. 
A significant portion of the nitric oxide is reduced to nitrous oxide and 
nitrogen. At 132°, decomposition may be represented by the overall 
equation: 1-00Ph-CHMe-O-NO —+» 0-55Ph’COMe + 0-20Ph-CHMe-OH + 
0-05Ph-CO,H + 0-55NO + 0-15N, + 0-028N,0 + 0-030CO, + 
Cy-62H 2.309 0.51No0s- 

The 1-phenylethoxy] skeleton is largely retained in the products, indicat- 
ing that the free 1-phenylethoxyl radical is fairly stable. Interrelations 
between 1-phenylethyl nitrite and benzyl nitrite and between 1-phenylethoxyl 
and other alkoxyl radicals are examined. 


EARLY work}? on the thermal decomposition of nitrite esters led to the adoption of 
equations (1) and (2) respectively for the initial step and for the overall stoicheiometry: 


(1) RR’CH*O*NO —— RR’CH:O: +- NO 
(2) 2RR’CH*O‘NO —— RR’CH*OH + RR’CO + NO 


Nitrite decompositions do not, however, end with the products of reactions (2) even 


1 Steacie, ‘‘ Atomic and Free Radical Reactions,” Reinhold Publ. Corpn., New York, 1946. 
2 Rice and Rodowskas, J. Amer. Chem. Soc., 1935, 57, 350. 
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though they are initiated >” according to reaction (1): some nitric oxide is always re- 
duced 5 and some of the alkoxyl radicals decompose.*® 

Comparatively little has been done on the decomposition of aryl-substituted nitrites. 
In recent work 5 on benzyl nitrite it was found that nitric oxide and benzyloxy]l radicals 
were formed initially according to reaction (1) (R = Ph, R’=H). The major organic 
products are benzaldehyde, benzyl alcohol, and benzoic acid (in that order of importance). 
The nitric oxide is extensively reduced to nitrous oxide and nitrogen. Reaction is auto- 
catalytic and the benzoyl radical Ph*CO:, formed from benzaldehyde, plays an important 
part in stoicheiometry and kinetics. 

4-Nitrobenzyl nitrite #® has also been studied. It is very labile and decomposes even 
at room temperature. The final products (per mole of initial nitrite) are 0-25 mole of 
p-nitrobenzaldehyde and 0-25 mole of its acetal with 4-nitrobenzyl alcohol. These results 
are explicable ® on a “ normal” free-radical mechanism, though this explanation has not 
been subjected to an experimental test. 

Benzyl nitrite and 4-nitrobenzyl nitrite are primary nitrites; whether a secondary 
homologue will show the same behaviour is unknown. 

Accordingly, this paper describes experiments on the thermal decomposition of 1- 
phenylethyl nitrite. Its aims are to establish the nature of the initial step, the stoicheio- 
metry of decomposition, and the broad outlines of the kinetics and mechanism. The 
differences and similarities found between the primary benzyl nitrite and the secondary 
1-phenylethyl nitrite are discussed in terms of the substitution of methyl for hydrogen 
and of the thermochemistry ™ of the two alkoxyl radicals involved. 


EXPERIMENTAL 


Materials.—Attempts to prepare 1-phenylethyl nitrite by the addition of 1-phenylethanol, 
dissolved in sulphuric acid, to a cold solution of sodium nitrite failed. The method of Chrétien 
and Longi ?* (in which aqueous aluminium sulphate is the ‘‘ acid ’’) was found to be successful, 
and yields of at least 50% of 1-phenylethyl nitrite were obtained. The crude product was 
washed successively with saturated sodium chloride and sodium hydrogen carbonate solution, 
dried (MgO), and purified and distilled in vacuo, the middle portion only being retained. The 
purified nitrite was stored in vacuo in the dark in a trap cooled in liquid nitrogen. 

The 1-phenylethanol, cumene, benzaldehyde, and acetophenone were purchased from B.D.H. 
The benzaldehyde and acetophenone were purified by successive fractional distillations in 
vacuo, in order to remove any traces of acids (especially benzoic acid). Oxygen-free nitrogen 
was obtained from British Oxygen Co. Ltd. : 

Spectvra.—As infrared and ultraviolet spectra have not been previously published they 
were recorded. A thin liquid film examined in a Grubb—Parsons double-beam recording infrared 
spectrometer showed absorption maxima at the following wavelengths (yz): 3-30w, 3-35w, 
3-40w, 6-05vs, 6-18m, 6-66w, 6-89m, 7-24s, 7-35s, 7-53w, 7-62w, 7-75vw, 8-25w, 9-30m, 9-69vw, 
9-80vw, 10-87m, 12-30vs, 12-46vs, 13-l5vs, 14-27vs. 

Ultraviolet spectra of solutions in light petroleum were recorded on an Optica ‘‘ A’’ double- 
beam absorption spectrometer. Absorption maxima (my) and extinction coefficients are: 325 
infl. (c 39), 340 (c 49), 350 (c 66), 365 (c 82), 378 (c 80), 394 infl. (« 50). The absorption maxima 
of the ultraviolet spectrum were not as sharp as were those of benzyl nitrite. Tarte has com- 
mented 1° on a similar decrease in definition in other secondary nitrites. 


Gowenlock and Trotman, J., 1956, 1670; Lossing, personal communication, 1959. 
Yoffe, Research, 1954, 7, 44. 

Gray, Rathbone, and Williams, J., 1960, 3932. 

Gingras and Waters, /., 1954, 3508. 

Kornblum and Oliveto, J. Amer. Chem. Soc., 1949, 71, 226. 
Levy, J]. Amer. Chem. Soc., 1956, 78, 1780. 

Adler, Pratt, and Gray, Chem. and Ind., 1955, 1517. 

10 Kornblum and Weaver, J. Org. Chem., 1958, 23, 1213. 

11 Gray and Williams, Chem. Rev., 1959, 59, 239. 

12 Chrétien and Longi, Compt. rend., 1945, 220, 746. 

Tarte, J. Chem. Phys., 1952, 20, 1570. 
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Procedure.—The decompositions were carried out in a nitrogen atmosphere in the apparatus 
described previously.»!* The gaseous and liquid products were analysed quantitatively. 
The progress of the reaction was followed by measurement of the gas evolved. 

Analysis of gaseous products. The gaseous product of decomposition contained nitrogen, 
nitric oxide, nitrous oxide, and carbon dioxide. The analytical scheme adopted for these gases 
has been previously described.5 Total nitrogen was estimated by condensing the other gases 
at —196°; that part of it arising from reaction was obtained by subtracting the known amount 
initially present. Nitric oxide, nitrous oxide, and carbon dioxide were estimated by infrared 
spectroscopy. 

Analysis of liquid products. The liquid product of decomposition contained acetophenone, 
1-phenylethanol, and a little benzoic acid. Its constituents were separated on a gas-chromato- 
graphy column. The peaks due to acetophenone and 1-phenylethanol were readily identified ; 
these were the predominant products. Two higher-boiling constituents were present, one 
of which was identified as being benzoic acid. Other constituents present in minute proportions 
were not identified. 

The acetophenone and the l-phenylethanol were further identified by infrared analysis; 
no conclusive evidence of other products was obtained by this method, though the spectrum 
of the more involatile fraction of the products showed a strong absorption at 9-2 uw which could 
be due to a benzoate ester. 

Acetophenone was characterised as its 2,4-dinitrophenylhydrazone (m. p. and mixed m. p. 
236°) and was estimated quantitatively (gravimetrically) as the same derivative. 

The 1-phenylethanol was estimated quantitatively by infrared spectroscopy. Solutions 
were made up in cumene or chlorobenzene and the intensity of the 2-70 uw peak (hydroxyl 
stretching frequency) was determined and compared against that of standard solutions. 1- 
Phenylethanol was also estimated by gas chromatography on a polyethylene glycol (M ~1500) 
column, which separated it from the acetophenone very satisfactorily. 

Benzoic acid was extracted from the liquid products with sodium hydroxide. It was 
characterised by its m. p. and mixed m. p. (122°) and estimated quantitatively by titration 
against standard sodium hydroxide (a little pyridine being added before titration to increase 
the solubility of the liquid products). 

To determine whether acetic acid was a product of decomposition the liquid pfoduct was 
fractionated in vacuo at 100°. It gave a colourless distillate (mainly 1-phenylethanol and 
acetophenone) and an involatile, viscous, dark-red residue. The distillate was not acidic, 
and it is therefore most unlikely that acetic acid (b. p. 119°) is a product of the decomposition. 
No acetic acid was detected from the vapour-phase chromatogram. 


RESULTS 


Decomposition of Pure Liquid 1-Phenylethyl Nitrite—1-Phenylethy] nitrite, like benzyl 
nitrite, is comparatively unstable; when kept in the light in an open vessel, the pale yellow 
nitrite gradually darkens and after about a week is deep yellow. Decomposition is negligible 
in vacuo in the dark in a trap cooled in liquid nitrogen. 

Stoicheiometry.—Decomposition of the pure liquid was carried out in nitrogen at 80—140°. 
The pale yellow nitrite gradually became red-brown. The products of decomposition consist 
of acetophenone, 1-phenylethanol, nitric oxide, nitrogen, and small quantities of benzoic acid, 
nitrous oxide, and carbon dioxide. Neither benzaldehyde nor acetaldehyde or acetic acid 
was found. 

The yields of the major products of decomposition of the pure liquid at 100°, 110°, and 132° 
are given in Table 1. The yield of acetophenone (55%) is considerably greater than twice the 
yield of 1-phenylethanol; the yield of benzoic acid is only 5%. The yield of nitric oxide is 
only 55% of that expected from the Steacie equation,! though it is the major gaseous product. 
About 90-6% of the nitrogen is present in the gaseous products. The liquid product had a 
nitrogen content of 0-95%, corresponding to a further 8-7% of the original nitrogen: thus 
within experimental error more than 99% of the total nitrogen is accounted for. About 80% 


14 Gray, Rathbone, and Williams, /., 1961, 2620. 
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TABLE 1. Product analysis of decomposition of liquid 1-phenylethyl nitrite (in an inert 
atmosphere) and the influence on the stoicheiometry of added acetophenone and benz- 
aldehyde. (The products are expressed in moles per 100 moles of initial nitrite.) 





Product yields 

Decomp. , “A - 
Run Decomp. time Gas 
no. temp. (min.) Ph:CO-Me Ph-CHMe-OH Ph:'CO,H NO N,O CO, WN, (total) 

Pure 1-phenylethyl nitrite 

42 100° 428 58 26 18 70 
43 900 4-6 15 68 
44 1140 5-7 19 68 
40 110 367 56 25 4:3 67 
41 ‘a 515 15 70 
36 132 9-5 21 0-35 0 6-2 28 
37 = 84 53 5-5 58 142 0615 75 
38 re 172 55 20 5-2 55 2-7 3-3 13 76 
39 PF 202 56 4-8 54.28 27 16 74 

1-Phenylethyl nitrite in the presence of initially added acetophenone 
47 132 14 hr. 41* 14 23 «4-0 64 23 57 

1-Phenylethyl nitrite in the presence of initially added benzaldehyde 
45 132 65 18 38 1-8 12 22 63 


* Net gain; total acetophenone 150 moles, of which 109 were added initially. 


of the phenyl groups are accounted for as Ph-COMe, Ph-CHMe-OH, and Ph-CO,H. Decomposi- 
tion at 132° may be represented by the overall scheme: 
1-O0Ph*CHMe*O:NO —— 0:55Ph*COMe +- 0:20Ph*CHMe*OH -+- 0-05Ph°CO,H +- 0-55NO + 0-I5N, 
+ 0-028N,0 + 0:030CO, + Cy-¢sHo-36o-s1No-oo- 


The percentage of the major gaseous products (nitric oxide and nitrogen) does not seem to 
vary appreciably with percentage decomposition in the range of conditions studied. However, 


N 
°o 


Run 46 ee 
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‘1G. 1. Gas evolution during decompos- 
ition of liquid 1-phenvylethyl nitrite 
(vesults for 5 selected runs). Run 38, 
pure nitrite at 132°; run 40, pure 
nitrite at 110°; runs 45 and 46, nitrite 
plus initially added benzaldehyde at 132° 
(molar ratios Ph*CHMe-O-NO: Ph-CHO 
weve 2:1 and 1:1 respectively); run 
47, nitrite plus initially added 
acetophenone at 132° (molar ratio 
Ph-CHMe:O-NO: Ph-COMe was 1: 1-09.) 
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the percentages of the minor products (nitrous oxide and carbon dioxide) appear to increase 
considerably with percentage decomposition. At 35% decomposition, the gaseous products 
contain 1-3% of nitrous oxide; this value has increased to 3-8% by complete decomposition. 
Variation in temperature in the range 80—140° does not appreciably affect the nature 
and yields of the products. There appears to be a slight increase in the total yield of gaseous 
products with increase in decomposition temperature, although, in the light of the slight 
variations in gaseous yields experienced in these decompositions, this may not be significant. 
Kinetics.—The kinetics of the decomposition of the pure liquid were followed by measuring 
gas evolution as a function of time. In Fig. 1, curves of gas evolution with time are given; 
the results are expressed in terms of moles of gas produced from 100 moles of initial nitrite. 
Curves 38 and 40 are the curves for decomposition of the pure liquid (in the absence of any 
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additive) at temperatures of 132° and 110°, respectively. The half life at 80° is about 14 hr., 
and at 132° is 16 min. 

If it is assumed that throughout the decomposition the composition of the gaseous products 
remains virtually unchanged, and that the ratio of nitrogen in the liquid decomposition products 
to nitrogen in the gaseous products remains sensibly constant, then the concentration of un- 
changed nitrite may be obtained as a function of time. In Fig. 2, log{[nitrite]/[nitrite],} is 
plotted as a function of time for decompositions carried out at 80°, 110°, and 132°. The first 
portion of the plot, corresponding to about the first 50% of decomposition, is linear, indicating 
that the decomposition is initially of the first order. After about 50% decomposition, the 
rate becomes a little faster than that expected from the initial first-order rate-constant. 











1) 
1-9 , - init 
Fic. 2. First-order plots (log ‘nitrite]/ 
» [nitrite], against time) for thermal 
2 8 decomposition of pure liquid 1- 
s phenylethyl nitrite at 80°, 110°, 
Leu 7 and 138°, shewing eventual depart- 
— uve from first-order kinetics. 
= Ts (Graphs are displayed together for con- 
- ° > P 
x F venience. Absciss@ (elapsed times) 
27s ave correct for 80° results; divide 
z ° by 16 for 110° and by 35 for 138°). 
& ,9 
800 1600 


Time (min.) 


Values of velocity constants k at different temperatures (calculated from the linear portions 
of the plots on the first-order law) are: 


BING. destsevosvenevsccccssszsewcess 80° 100° 110-5° 118° 132° 138° 
Pe GD sccncicccescecsctousines 1-38 5-24 * 9-36 * 26-6 75-7 


* Mean of two determinations; errors ca. 5%, 


Approximate Arrhenius parameters corresponding to the variation of log k with 1/T(° k) 
implied by these values have been derived (see Fig. 3). Though, in the absence of a detailed 
investigation, they are subject to considerable uncertainty, they may be set at E = ca. 25 kcal. 
mole? and A = ca. 10” sec.7}. 

Decomposition of 1-Phenylethyl Nitrite in Cumene Solution.—To establish whether 1-phenyl- 
ethyl nitrite decomposes initially to an alkoxyl radical and nitric oxide, it was decomposed in 
the hydrogen-donor solvent, cumene. ~0-1m-Solutions of the nitrite in cumene were decom- 
posed to completion (12—14 hr. at 132°). Complete conversion into 1-phenylethanol was 
achieved. Typical results were: initial concn.’ 0-090 mole 1.1, alcohol yield 109%; initial 
concn. 0-147 mole 1.1, alcohol yield 110%. 

Decomposition of 1-Phenylethyl Nitrite in the Presence of Added Acetophenone.—Acetophenone 
is a major product of the decomposition and may influence its course just as benzaldehyde 
influences the course of decomposition of benzyl nitrite. To see if this is so, decomposition 
in the presence of initially added acetophenone was examined in outline. A mixture consisting 
of about equimolar quantities of acetophenone and 1-phenylethyl nitrite was decomposed 
for several hours at 132°. The amounts of benzoic acid formed and of acetophenone remaining 
at the end of the reaction and the yields of gaseous products were determined; the results are 
shown in Table 1. It is seen that there is a net increase in the acetophenone content of 40 
moles (per 100 moles initial nitrite); in the normally decomposed nitrite, the yield is 55 moles 
per cent. The yield of benzoic acid is considerably greater than in the decomposition of the 
pure nitrite, as is also the yield of nitrogen; however, the yield of nitric oxide is less. 

Initially added acetophenone also accelerates the rate of decomposition to some extent, 
as indicated in curve 47 of Fig. 2 which shows the decomposition curve for added acetophenone. 
The slight acceleration in rate of decomposition due to acetophenone probably accounts for 
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the deviation from first-order kinetics in the later stages of the decomposition of the undiluted 
nitrite. 

Decomposition of 1-Phenylethyl Nitrite in the Presence of Added Benzaldehyde.—Though 
benzaldehyde has not been detected in the decomposition products of pure 1-phenylethyl 
nitrite, there is a possibility that a small amount may have been produced and then destroyed 
in subsequent reactions. The effect of initially added benzaldehyde upon the decomposition 
of 1-phenylethyl nitrite was therefore investigated. 

Solutions containing 1-phenylethyl nitrite and benzaldehyde in molar ratios 2: 1 and 6: 1 
were decomposed (at 132°) for about 1—2 hr. The results for these two runs are shown in 
Fig. 1, curves 45 and 46. It is seen (Fig. 1) that benzaldehyde appreciably accelerates the 
rate of decomposition of the nitrite; its effect is about 6 times greater than that produced by 








3-0 
45 
Fic. 3. Arrhenius plot for first-order portion % 
of thermal decomposition of pure liquid o> 
1-phenylethyl nitrite. = 40PF 
5-5} O 
J j j 
23 2-9 


25 1/r(*x) 27 


acetophenone. The catalytic effect of the benzaldehyde is approximately proportional to the 
first power of the benzaldehyde concentration. 


In Run 45, the benzoic acid and gaseous products were analysed quantitatively. 


DISCUSSION 


The Initial Step.—The products of decomposition in the liquid phase and the enhanced 
yields of 1-phenylethanol obtained in the presence of the hydrogen-donor cumene, provide 


evidence that the decomposition in both systems begins by fission of the oxygen-nitrogen 
bond: 
(1) Ph*CHMe-O*NO ——» Ph*CHMe*O: + NO 


In this respect, 1-phenylethy] nitrite resembles other nitrites !® and, in particular, benzyl 
nitrite. The decomposition of 4-nitrobenzyl nitrite 1° may be similarly interpreted.® 

A personal communication from Professor N. Kornblum” provides some further 
evidence that the 1-phenylethoxyl radical is formed and that it does not undergo re- 
arrangement. When L-l-phenylethyl nitrite was decomposed at 100° for 24 hr. in the 
liquid phase L-1-phenylethanol was produced and it had at least 67% retention of optical 
purity. 

Kornblum and De La Mare * reported that 1-phenylethoxyl radicals formed during 
the thermal decomposition of 1-phenylethyl t-butyl peroxide would not abstract hydrogen 
from cumene at 130° and that, although at about the same temperature (125°) they would 
abstract hydrogen from thiophenol, only 55—57% yields of the alcohol were obtained. 


15 Kornblum, personal communication; see also Kornblum, Fishbein, and Smiley, J. Amer. Chem. 
Soc., 1955, 77, 6261. 
16 Kornblum and De La Mare, J. Amer. Chem. Soc., 1952, 74, 3079. 
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In contrast with this we find that at 130° in dilute cumene (XH) solution, hydrogen 
abstraction occurs extensively and high (100%) yields of alcohol are obtained: 


(3) PheCH*MeOs + XH ——t Ph°CHMe’OH + X. 


Once again, dimerization to bi-«-cumyl is not observed and the possible fates of the cumy]l 
radicals are discussed elsewhere.®14 

Stoicheiometry and the Origin of the Major Products.—Having established the initial 
step as the formation of nitric oxide and free 1-phenylethoxyl radicals, we must be able 
to account for the observed stoicheiometry and kinetics in terms of the reactions of these 
species. The key features are (1) that nearly all the nitrogen is accounted for by nitric 
oxide, nitrous oxide, and nitrogen, and (2) that nearly all the carbon ends as acetophenone, 
1-phenylethanol, benzoic acid, and carbon dioxide. The fact that there is very considerable 
survival of the Ph-C-Me skeleton indicates that the 1-phenylethoxyl radical does not 
undergo much decomposition. In this it resembles benzyloxyl® and comparison with 
benzyl nitrite is generally valuable in considering the behaviour of 1-phenylethy] nitrite. 

(a) Nitric oxide, the major gaseous product (55% yield), is accounted for by the initial 
step. The possible reversibility of this reaction cannot influence the stoicheiometry. 

(b) Nitrous oxide is produced by the reduction of nitric oxide. Its yield is only 2-8%. 
In work on ethyl nitrite, Levy postulated the intervention of nitroxyl HNO; and this 
species (which is not a free radical) or its isomer HON (which is a “ diradical ’’) has been 
invoked generally in nitrite pyrolyses as the precursor of nitrous oxide. It is formed 
when nitric oxide abstracts hydrogen from the 1-phenylethoxy] radical: 


(4) PhtCHMe-O: + NO ——t Ph:COMe + HNO 
(5) 2HNO —— N,O + H,O 


Although HNO is well authenticated,” its chemistry still rests more on plausible inferences 
than on definitely demonstrated facts. 

(c) Nitrogen also must come from the reduction of nitric oxide. Its yield (15%) is 
here considerably greater than that (2-8) of nitrous oxide. Whether it is produced 
via nitrous oxide is not established. Independent work on the reduction of nitric and 
nitrous oxide and HNO is needed to solve this problem. 

(d) 1-Phenylethanol arises from hydrogen-abstraction by 1-phenylethoxyl radicals. 
The most likely substrates are the parent nitrite or another 1-phenylethoxyl radical 
(disproportionation). Acetophenone and nitroxyl are also possible substrates, but since 
acetophenone does not play a very active secondary réle in the decomposition (in contrast 
to benzaldehyde in benzyl nitrite decomposition) it seems not to be a ready source of 
hydrogen atoms: 


(6) Ph*CHMe*O+ + PhtCHMe*O:NO ——3» Ph:CHMe*OH + Ph:COMe +- NO 
(7) Ph*CHMe*O + Ph*CHMe-O» ——g» Ph:CHMe*OH + PhCOMe 
(8) Ph*CHMe*O: + HNO ——t Ph:CHMe-OH + NO 


These are all stoicheiometrically equivalent if the radical formed from the nitrite by 
loss of hydrogen is unstable and if the origin of nitroxyl is attack by nitric oxide on the 
free 1-phenylethoxy] radical. 

(e) Acetophenone is formed in reactions (6) and (7), but these alone cannot explain 
the 2°75-fold excess of acetophenone (yield 55%) over 1-phenylethanol (yield 20%). 
Reduction of nitric oxide, as in reactions (4) and (5), must be invoked for this, and the 
problems of reduction of nitric oxide and the acetophenone : alcohol ratio are linked. If 
all the molecular nitrogen formed came originally via HNO (or via HNO and N,O) then 
its yield would be more than sufficient to explain the yield of acetophenone in terms of (4). 


17 Dalby, Canad. J. Phys., 1958, 10, 1336; Brown and Pimentel, ]. Chem. Phys., 1958, 29, 883. 
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Acetophenone is more stable than benzaldehyde, and their relative yields in the appropriate 
nitrite decompositions (55 and 44% respectively) are in accord with this. 

(f) The small amount of benzoic acid produced is probably formed by oxidation of 
acetophenone. Support for this comes from the enhanced yield of benzoic acid obtained 
when decomposition of the nitrite is carried out in the presence of initially added aceto- 
phenone. The absence of acetic acid shows that it is the carbon-methyl bond which 
breaks, in agreement with bond energy data ¥* and with the fact that other oxidizing 
agents yield benzoic, but not acetic, acid. Ketone oxidation in the pyrolysis of wholly 
aliphatic nitrites is not so specific: octan-2-one yields !® both acetic and heptanoic acid. 

It is not impossible that some of the benzoic acid formed might have come from benz- 
aldehyde produced by unimolecular decomposition of the 1-phenylethoxy] radical: 


Ph*CHMe*:O* —— Ph*CHO -+- Mee 


Stability of the 1-Phenylethoxyl Radical_—Alkoxyl radicals may lose their essential 
structure ™ by rearrangement (i.e., intramolecular radical migration) or decomposition 
(radical elimination). 

The energy requirements 7° of decomposition favour loss of methyl radicals. Thermo- 
chemistry places 1-phenylethoxyl between «-cumyloxyl on the one hand and diphenyl- 
methoxyl and benzyloxyl on the other. Cumyloxyl decomposes #4 readily at 130° while 
diphenylmethoxyl ** requires a temperature of 210° for loss of the phenyl radical to reach 
a proportion of 1-5°%. In our experiments, decomposition is very slight. This resembles 
the behaviour ® of benzyloxyl and contrasts with the very ready decomposition ! (by 
methyl-radical loss) of the secondary aliphatic radical, isopropoxy]l. 

Rearrangement, though thermochemically favoured 2® and observed for related 
radicals,” does not occur here. 

Relations between the Decompositions of Benzyl Nitrite and 1-Phenylethyl Nitrite: the 
Effects of Methyl-radical Substitution.—There are marked qualitative resemblances between 
the two decompositions. Table 2 reveals that there are also significant contrasts. They 
reflect the influence of replacing a hydrogen atom by a methyl group. 


TABLE 2. Comparison of product yields from benzyl and 1-phenylethyl nitrite. 


Product yield (moles per 100 moles of initial nitrite.) 
Ph-CH,°OH or Ph-CHO or 


Nitrite. Ph-CHMe:OH Ph-CO-Me Ph:CO,"H NO N,O N, 
BORER sesiinecisseess 22 44 11 36 2-1 24 
1-Phenylethyl ...... 20 55 5 5D 2-8 15 


The differences in the ratio, alcohol : carbonyl compound, and in production of benzoic 
acid are linked to the differences in reduction of nitric oxide. They arise from the relative 
ease with which the respective carbonyl derivatives are (i) formed, and (ii) attacked. 
The carbon—hydrogen bond dissociation energy in 1-phenylethoxyl (9-6 kcal. mole) is 
only half that (20 kcal. mole“) in benzyloxyl. Hydrogen abstraction from the former 
is thus easier and acetophenone is more readily formed than is benzaldehyde. Moreover, 
acetophenone is more resistant than is benzaldehyde to oxidation and a greater fraction 
of acetophenone may be expected to survive. The yields of benzoic acid show the same 
influences; so, indirectly, do the yields of nitric oxide and nitrogen. 

Kinetically, similar relationships exist, though 1-phenylethyl nitrite does not share 
the very marked autocatalytic behaviour (attributable to benzaldehyde) of benzyl nitrite. 

18 Cottrell, ‘‘ The Strengths of Chemical Bonds,’”’ Butterworths, London, 2nd edn., 1958. 

19 Kornblum and Oliveto, J. Amer. Chem. Soc., 1955, 77, 5173. 

20 Gray and Williams, Tvans. Faraday Soc., 1959, 55, 760. 

21 Bailey and Godin, Trans. Faraday Soc., 1956, 52, 68. 

22 Cadogan, Hey, and Sanderson, /J., 1958, 4498. 


°3 Wieland and Maier, Ber., 1911, 44, 2533; 1931, 64, 1205; Kharasch, Fono, and Nudenberg, /. 
Org. Chem., 1951, 16, 1458. 
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The marked effect of initially added benzaldehyde on 1-phenylethyl nitrite is the more 
striking when viewed in this light. . Decomposition is accelerated; reduction of nitric oxide 
is more extensive; the yield of benzoic acid goes up. In essence, the pattern shifts to that 
typical of benzyl nitrite itself. 


We thank Dr. Nathan Kornblum of Purdue University for permission to refer to unpublished 
experimental work by himself and Fishbein. Two of us (M. J. P. and P. R.) are also grateful 
to D.S.I.R. for the award of maintenance allowances. 
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781. Slow Oxidation of Hydrocarbons in the Gas Phase. Part I. 
Reactions during the Induction Period of Isobutane Oxidation. 


By A. P. ZEELENBERG and A. F. BICKEL. 


The slow oxidation of isobutane in a static system at about 300° has 
been investigated with special reference to the chemical changes which occur 
during the induction period. Analysis by means of gas-liquid chromato- 
graphy with sensitive detectors showed that the concentrations of many 
primary products (isobutene, isobutene oxide, propionaldehyde, acetone, 
methanol, propene, propene oxide, acetaldehyde, etc.) increase according to 
a relation C = C,e#. For nearly all products the branching factor ¢ was 
found to have about the same value. The reactions during the induction 
period, which are less complex than those in later stages, have been formul- 
ated as a degenerate chain-branching mechanism involving chain-propagat- 
ing reactions of both isobutyl and t-butyl radicals. During the induction 
period the products are formed by intramolecular decomposition of the 
butylperoxy-radicals. 


SLow oxidation of hydrocarbons is often characterized by an induction period during 
which the conversion is very small. The reactions during this stage are of great importance 
since they lead ultimately to the oxidation process proper. The whole process is usually 
described by a degenerate chain-branching mechanism, and in particular the nature of 
the intermediate responsible for branching has been discussed extensively. Although the 
branching reactions determine the overall kinetics of the oxidation the formation of the 
products will be due to the straight-chain reactions. Investigations of mixture com- 
position with increasing conversion, as measured by the pressure rise, seem to indicate 
that different mechanisms operate during and after the induction period. A similar 
conclusion was reached by Knox ? who studied the formation of gaseous products in the 
slow oxidation of propane in relation to the pressure rise. 

Unfortunately not many details of reactions occurring in the induction period are 
available since the product concentrations during this period are very low. Hitherto, 
therefore, most of the conclusions have been drawn, not from chemical analyses, but 
from the effect of additives on the length of the period. The recent development of very 
sensitive detectors for gas-chromatographic analyses makes these low concentrations no 
longer inaccessible to investigation. This has enabled us to study the elementary reactions 
in the oxidation of isobutane by following the concentrations of the products, especially 
during the induction period. Since secondary reactions do not yet occur, the products 
here arise only from the substrate and not from an ill-defined reaction mixture. The 
information on the elementary reactions was derived from three sources: the peculiarities 


1 Batten, Gardner, and Ridge, J., 1955, 3029. 
*? Knox, Trans. Faraday Soc., 1960, 56, 1225. 
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of the concentration—time curves, the identities of the products and their relative abundance, 
and the ratio between the concentrations of various products under different conditions. 


EXPERIMENTAL 


Mixtures of pure isobutane and oxygen were introduced rapidly into a static reaction system 
up to a pre-determined pressure. The reaction was followed by determining the pressure 
continuously with a recording differential manometer of the spoon type.* After the reaction 
vessel had been aged in order to give reproducible results the oxidation was studied under a 
variety of conditions (pressure 100—400 mm. Hg; temperature 260—360°; isobutane : oxygen 
9:1tol1:4). Usually only those reactions were followed which had induction periods between 
2 and 120 min. Concentration—time curves were determined for several oxidation products 
from the smallest measurable conversion up to complete reaction by interrupting successive 
experiments after increasing times or after increasing pressure changes. The reactions are 
quite reproducible but it proved necessary to relate reactions with large conversions by means 
of a standard pressure—time curve instead of relying exclusively on the reaction time. 

For the analysis a large fraction of the reactants was transferred to the sampling tube of 
the gas-liquid chromatography system. Samples were kept in the gaseous state throughout in 
order to avoid liquid-phase reactions such as the addition of peroxides to aldehydes. The 
first chromatographic column (stationary phase: polyethylene glycol, average mol. wt. 400) 
effects a separation of the high-boiling oxygenated products and the rapidly eluted mixture 
of hydrocarbons, carbon oxides, and oxygen is separated on the next column (stationary phase: 
dimethylsulpholane). The application of flame ionization as well as katharometer detection 
and the use of relatively large samples enabled us to detect many compounds, even during 
early stages of the induction period. 

The main intermediates observed were, in order of relative abundance: isobutene, acetone, 
isobutene oxide, propionaldehyde, acetaldehyde, methanol, propene, propene oxide, carbon 
dioxide, isobutyraldehyde, 3-methyloxetane, and methacraldehyde. The identity of the 
products was checked by determination of one or more of the following properties: (1) Re- 
tention volume on various columns. (2) Variation of the retention volume with temperature. 
(3) Mass-spectrum (of a frozen-out compound). (4) Infra-red spectrum (of a frozen-out com- 
pound). (5) Ratio of the signals of two essentially different detectors placed at the end of 
the same column. This ratio does not depend on the amount eluted or on the column used 
but only on the properties of the eluted molecule (and sometimes the carrier gas) and on the 
methods of detection. 

A preliminary identification of various types of compound was effected by insertion of 
special absorption, columns into the gas-liquid chromatographic system, e.g., mercuric nitrate 
on ethylene glycol for selective removal of olefins. Hydrogen peroxide was detected by the 
test with titanium sulphate performed on the collected material of many interrupted reactions, 
but no results are available on its concentration and that of water, since these products could 
not be determined by our chromatographic methods. 


RESULTS AND DISCUSSION 


Fig. 1 shows the dependence of the logarithm of concentration (log C) on time for 
the various products formed in the oxidation of isobutane. The results are presented 
in this manner since an exponential relation is to be expected according to the theory 
of degenerate chain branching. It is seen that three stages can be clearly discerned in 
the oxidation. The third stage corresponds with the usually investigated oxidation from 
the end of the induction period onwards. The second stage covers most of the induction 
period and is characterized by the linear dependence of the log C on time, the concentration 
of some of the products increasing a hundred-fold in this period. Owing to the very low 
concentrations involved the first pre-exponential stage is only observed for isobutene but 
it must always be present since log C will tend to minus infinity for ¢ approaching zero. 

3 Sterk, unpublished work. 


4 Semenov, “Some Problems of Chemical Kinetics and Reactivity,” Pergamon Press, London, 
1958. 
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In the second stage the formation of isobutene is accompanied by that of acetone, 
isobutene oxide, propionaldehyde, isobutyraldehyde, propene, acetaldehyde, propene 
oxide, and methanol, while in the third stage additional small amounts of ethylene, ethane, 
3-methyloxetane and methacraldehyde can be detected. Carbon dioxide is one of the 
main products in this stage. 

The exponential concentration rise observed during the second stage confirms a 
mechanism of degenerate chain branching. Since the products in this stage show approxim- 
ately equal net chain-branching factors 4; [given by the value of (d In C;,/dé) in the 
middle of the induction period}, 7.e., constant concentration ratios, they are formed in 
parallel reactions. Only for isobutene is the branching factor somewhat smaller, which 
may be the result of secondary oxidation. The net branching factors vary qualitatively 











200 P 
ry 
100F B 
50Fr 
20 
10 
o 
r 5 
e 
p a 2 Dependence, on time, of pressure of reactants and 
© | intermediates in the oxidation of isobutane at 
= Os 300°. 
2 ’ 
S = Pressure. A = Isobutane; B = oxygen; C = 
a wa isobutene; D = isobutene oxide; TK. = propene; 
F = propene oxide; G = propionaldehvde; 
Ol H = acetone and methanol. 
0:05 
0-02 
OOo! 
0-005 











ce) é 
es tesa ) 
ik 7 2" Stage J fd 





in the usual way, 7.e., ¢ rises with increasing temperature, total pressure, or hydro- 
carbon : oxygen ratio. Since any degenerate chain-branching reaction will result in an 
exponential dependence it is questionable whether many details on the mechanism can 
be derived from this relation. 

Deviations from the exponential increase begin at the end of the induction period 
(the beginning of the third stage). Some curves, e.g., those for acetone and isobutene 
oxide, continue at a steeper slope while the concentration of isobutene, for example, 
tends to become stationary. The curves for acetaldehyde and propionaldehyde even 
pass through a marked maximum. At this stage carbon dioxide becomes important and 
its exponential rise roughly parallels the steeper part of the acetone and isobutene oxide 
curves. The curve giving the pressure rise in this stage as a function of time is parallel 
to the corresponding parts of the concentration curves mentioned. In many cases the 
slope of this part of the lines is about twice the slope of the concentration curves during 
the induction period. This may be explained as follows: 

At the end of the induction period the concentration J of products, which increases 
according to the relation J = I, . e#, becomes so great that interaction with radicals 
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becomes comparable with the reaction of the starting material. Hence the concentration 
P of products of this interaction is found from dP/dt = kIR. Since the concentration 
R of the attacking radicals also increases exponentially (R = R,e*) the branching factor 
of the products P is twice that of the products J. This situation is met with for acetone 
and isobutene oxide. Some products (e.g., carbon dioxide) formed in secondary reactions 
will appear only at this stage and consequently their concentrations rise immediately 
with a branching factor 2¢. 

Simultaneous consumption and formation of products may result in a constant con- 
centration (isobutene) or even decrease (propionaldehyde). 

The pressure rise also fits into this picture. During the initial stages of the reaction 
the chain-propagation usually involves breaking of one bond of the stable molecule with 
formation of another bond, e.g., HO» -+- RH—»H,0 + R-. These reactions proceed 
with small AH and do not increase the number of molecules. In later stages reactions 
between intermediate products and radicals occur which involve weaker bonds, ¢.g., 
HO: + R-CHO —» H,O + CO + R:. The change in free enthalpy can now become 
sufficient for subsequent dissociation of one of the products to become possible. The 
pressure rise must be due to such processes and a 2¢-dependence is therefore to be 
expected. 

Other important features of the second stage of the induction period are: the occurrence 
of hydrogen peroxide; and the large concentration of isobutene, relatively not only to 
that of the other products, but also to the pressure rise which in this stage is much smaller 
than the increase in isobutene concentration. The preferential formation of isobutene 
as a primary product stands in contrast to the usual notion that dehydrogenation is the 
normal process at high temperature (about 500°) while the formation of oxygenated 
products is favoured by a low temperature. The facts mentioned suggest that the main 
overall process, which involves no pressure change, is: 


CHMey -}- Og ——t CHy:CMe, ++ HO, 
This reaction may be composed of the following elementary steps: 


i(t)-CyHy +- O, ——t CH, CMe, +- HO," 
HO," +- CHMe,; ——t i(t)-C,H,* + H.O, 


The low concentration of the intermediates during the second stage of the induction 
period makes reactions between non-radical intermediates and oxygen negligible. All 
the products will therefore arise in parallel reactions starting from butyl radicals, both 
primary (iso) and tertiary. These radicals will react rapidly with oxygen to yield the 
butylperoxy-radicals, which are thought to give the products by internal rearrangement 
followed or accompanied by decomposition. The rearrangement involves either breaking 
of a C-H bond with formation of an O-H bond 5 or breaking of a C-C bond with formation 
of a C-O bond,® which is thermodynamically more favourable. Intramolecular decom- 
position will be favoured over intermolecular abstraction by the molecular conformation 
and the relatively long intervals between collisions in low-pressure gas-phase reactions. 
By this formulation a straight-forward explanation for the formation of all products can 
be given. When, in addition, a small fraction of the butylperoxy-radicals abstract 
hydrogen atoms intermolecularly, this would explain the observed slow chain branching. 
A mechanism? involving butyl hydroperoxide as key intermediate cannot explain the 
formation of all products and the slowness of the branching. 


5 Walsh, Trans. Faraday Soc., 1947, 43, 297. 

6 Shtern and Chernyak, Doklady Akad. Nauk S.S.S.R., 1951, 78, 91; Bailey and Norrish, Proc. Roy. 
Soc., 1952, A, 212, 311. 

? Bose, Trans. Faraday Soc., 1959, 55, 778. 
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Examples of possible reactions for the oxidation of isobutane are: 





(a) an — Me,C CH, + HO» 
ron " | a haa, 
O-OH oO 
(b) seaneai Me,C* CH, Me,CO + CHs 
| | | | —> |  ——ge CH,'OH 
O-O: — O- 


All possibilities for intramolecular decomposition of butylperoxy-radicals have been 
summarized in Table | and all these products have indeed been observed. 


TABLE 1. Decomposition reactions of butylperoxy-radicals. 


Stable product formed from 


Radical eliminated ButOO: radical BulOO: radical 
f HO Me,C——CH, Me,C——CH, 
| \o/ " 
C-H bond | CH,°CHMe-CH, 
broken initially } emt 
| Me,CH-CHO 
| HO, Me,C=CH, Me,C=CH, 
( MeO: Me,CO Me-CH—-CH, 
O 
C-Cbond |} Me-CH,-CHO * 
broken initially } MeO-O- _ Me-CH=CH, 
| Me,CH-O- ~ CH,O 
| (—— Me-CHO + Me-) 


* By rearrangement of the intermediate radical. 


In a few cases even the relative abundance or scarcity of products can be understood. 
Thus molecular models indicate that the free valency on the oxygen atom of the 
Me,CH-CH,°O-O: radical will be further removed from the hydrogen atoms of the CH, 
group than from the hydrogen of the CH group; if differences in C-H bond strength are 
neglected, the reactions leading to isobutyraldehyde may be expected to be slower than 
that leading to isobutene oxide. This is in accordance with the concentrations found. 
The low yield of 3-methyloxetane may be due to the much greater C-H bond strength 
in the methyl groups. Since this effect becomes smaller at higher temperature it is under- 
standable why Jones and his co-workers found larger concentrations in their experiments. 
The experimental fact that isobutyraldehyde attains large concentrations in mixtures 
that have fully reacted can be explained by the subsequent thermal isomerization of 
isobutene oxide to isobutyraldehyde which has been checked in separate experiments. 
Only the formation of methacraldehyde, observed in the later stages of the induction 
period, does not fit directly into our scheme. We found, however, that this compound 
is formed readily from the main primary product, isobutene. 

Variation of the total pressure, temperature, or composition has remarkably little 
influence on the relative abundance of the various products. Only the increase in ratio 
of both acetaldehyde and propionaldehyde to, ¢.g., acetone as oxygen-content increases 
is very striking. It may well be connected with the different precursors of acetone and 
the aldehydes, viz., t-butyl and isobutyl radicals, respectively. A tentative explanation 
would be the following: 

Isobutyl and t-butyl radicals are formed by hydrogen abstraction from isobutane. 
The difference in activation energy for the H-abstraction by, e.g., -OH from the primary 
and the tertiary carbon atom in isobutane is unknown. Knox and Trotman-Dickenson ® 


§ Jones, Allendorf, Hutton, and Fenske, Preprints Amer. Chem. Soc. Meeting, 1959, 4, C-17. 
® Knox and Trotman-Dickenson, Chem. Soc. Special Publ., 1957, No. 9, p. 41. 
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have, however, investigated the comparable abstraction by Cl-atoms and found a value 
of 340 cal./mole for the difference in activation energy of the processes: 


Cl + MesCH ——t HCI + Me,CH-CH," 
Cl + MesCH ——B> HC! + Me,C- 


If a similar low value is accepted for the abstraction by ‘OH, this will not be sufficient 
to offset the statistical advantage of isobutyl radicals. Both butyl radicals react with 
oxygen to give butylperoxy-radicals, which finally give the stable products. In addition 
the following reaction may occur: 


Me,CH*CH,: -}+ MesCH ——B» MesCH -- Me,C: 


since t-butyl is thermodynamically more stable than isobutyl radicals. In mixtures with 

a high concentration of isobutane most products will therefore be formed from t-butyl- 

peroxy-radicals, whereas high oxygen concentrations will cause the isobutyl radicals to 

react immediately with oxygen and therefore result in high aldehyde concentrations. 
KONINKLIJ KE/SHELL-LABORATORIUM 


(SHELL INTERNATIONALE RESEARCH MAATSCHAPPIJ N.V.), 
AMSTERDAM, NETHERLANDS. [Received, March 23rd, 1961.] 





782. Carotenoids and Related Compounds. Part I1X.* The 
Structures of Capsanthin and Capsorubin. 


By M. S. BARBER, L. M. JACKMAN, C. K. WARREN, and B. C. L. WEEDON. 


The structures of capsanthin (I; R = d) and capsorubin (II; R = d) 
have been established. These pigments constitute a new class of carotenoid 
containing five-membered rings. 


CAPSANTHIN and, in much smaller amounts, capsorubin occur together in red peppers 
(Capsicum annuum),' and there is now strong evidence that they are both produced in 
Nature from zeaxanthin (III; X = Y = a) through the epoxides antheraxanthin (III; 
X = b, Y = a) and violaxanthin (III; X = Y = b), respectively.2_ Previous work on 
the structures of capsanthin and capsorubin has shown that the former contains a decaenone 
(I),+3 and the latter a nonaenedione (II),*5 chromophore. Alkaline degradation of 
capsanthin to @-citraurin (IV), and of capsorubin to crocetindial (V),5 establishes the 
nature of the polyene systems, and shows that capsanthin retains one end of the 
zeaxanthin molecule intact. 

The scarcity of capsorubin has greatly hampered the investigation of this compound, 
and much reliance has been placed on analogy with capsanthin. It has often been 
assumed that the two end groups of capsorubin are identical with each other, and with one 
end of capsanthin. Evidence is presented below that substantiates these assumptions. 
The structural problem with both carotenoids therefore relates to the Ci) hydroxylated 
substituent (R in I and II) attached to the carbonyl groups. Various proposals have 
been made, the most strongly advocated being (VI), (VII),” (VIII),® and (IX) *. Of these 
the first two have been disproved synthetically.5 The others are difficult to reconcile 


* 


Part VIII, J., 1959, 4058. 


Zechmeister and Cholnoky, Annalen, 1934, 509, 269; 1935, 516, 30. 

Cholnoky, Gyérgyfy, Nagy, and Panczél, Acta Chim. Acad. Sci. Hung., 1955, 6, 143. 
Karrer and Jucker, Helv. Chim. Acta, 1944, 27, 1588. 

Ahmad and Weedon, /., 1953, 3286, 3815. 

Warren and Weedon, J., 1958, 3972. 

Zechmeister and Cholnoky, Annalen, 1937, 580, 291. 

Entschel, Eugster, and Karrer, Helv. Chim. Acta, 1956, 39, 1263. 

Cholnoky, Szabé6, and Szabolcs, Annalen, 1957, 606, 194. 

Cholnoky and Szabolcs, Naturwiss., 1957, 19, 513. 
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with the evidence that neither capsanthin nor capsorubin contains an (acyclic) y-hydroxy- 
ketone grouping.’ The structure (VIII) is also inconsistent with the view that both 
pigments are tertiary, rather than secondary, alkyl ketones.® 





Me Me 
“LX 
HO Me 
Me Me 
“wh 
HO Me 
Me. Me 





To define the nature of the hydroxyl group in the “‘ unknown ”’ end groups, the oxid- 
ation of capsanthin was studied. Under suitable conditions, Oppenauer oxidation with 
aluminium t-butoxide and acetone gave a hydroxy-diketone, capsanthone, in 20% yield. 


Me. Me Me. Me Me Me Me Me 
o 
OH 
HO Me Me HO Me HO A Me 
(VI) VI) VIII) IX 


Its spectral properties were very similar to those of capsanthin, except for an additional 
strong band at 1739 cm. attributable to a cyclopentanone.!® The presence of one 
hydroxyl group, indicated by a band at 3630 cm. (¢ 40) with half the intensity of the 
corresponding band in zeaxanthin (3625 cm.-1, e 90), was confirmed by preparation of a 
monoacetate. Capsanthone was recovered after treatment with alcoholic sodium ethoxide, 
and a 8-diketone structure is therefore improbable. 

That oxidation of capsanthin involved the “.unknown ” end group was borne out by 
subjecting zeaxanthin and capsorubin to the same treatment. The former yielded no Cg 
ketone, but the latter gave (5%) capsorubone, with carbonyl absorption bands in the same 
positions as those of capsanthone. 

Reduction of capsanthin to the corresponding decaenetriol,>12 and re-oxidation of 
the latter to capsanthin with chloranil,5 have been reported previously. Reduction of 
capsanthone with lithium aluminium hydride gave a mixture of decaenetriols. Selective 
oxidation of the allylic hydroxyl groups with chloranil and chromatography then yielded 


10 Bellamy, ‘‘ The Infra-Red Spectra of Complex Molecules,” Methuen, London, 1958. 
11 Karrer and Hiibner, Helv. Chim. Acta, 1936, 19, 476. 
12 Goodwin, Land, and Sissins, Biochem. J., 1956, 64, 486. 
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two decaenones which were doubtless epimers differing in the configuration of the hydroxy- 
groups formed on reduction of the keto-group in the cyclopentanering. One of the products 
was identical with capsanthin, the other exhibited a carbonyl absorption band at shorter 
(18 cm.) frequency and of lower intensity. It may be concluded that capsanthin also 
contains a cyclopentane ring, and tentatively that the two oxygenated substituents of 
this ring are trans to one another. 

Further information concerning the structures of the two carotenoid ketones was 
obtained from a study of their nuclear magnetic resonance spectra in the 9-5—6-5 p.p.m. 
region. That of capsorubin proved suprisingly simple and will therefore be considered 
first. It showed four well-defined bands, attributable to methyl groups, at 9-02, 8-77, 
8-65, and 8-02 p.p.m. in the approximate ratios 1:1:1:2. The band at 8-02 is typical of 
“in-chain ’’ methyl groups of the type CH‘CH-CMe:CH in polyene systems. Since there 
are four such groups in capsorubin the other bands must each represent two equivalent 
methyl groups. This is readily understood if the two end groups of capsorubin are the 
same, each containing three methyl groups. The bands are sharp, and since their separ- 
ations (cycles/sec.) are proportional to the strength of the applied magnetic field, all the 
methyl groups must be attached to fully substituted aliphatic carbon atoms. 

The nuclear magnetic resonance spectrum of capsanthin showed methyl bands at 9-02, 
8-95, 8°77, 8-65, 8-3, and 8-02 p.p.m. in the approximate ratios 1:2:1:1:1:4. The 
bands at 8-95 and 8-3 are also observed in zeaxanthin 1° and are due to the methyl] groups 
on the cyclohexene ring common to both carotenoids; the band at 8-02 may again be 
ascribed to the four “‘ in-chain ”’ methyl groups. The three remaining bands are identical 
in position with, but only half as intense as, those observed for the non-allylic methyl groups 
in capsorubin. This provides very strong support for the view that one end group of 
capsanthin is identical with those of capsorubin. The simultaneous occurrence of three 
methyl bands at 9-02, 8-77, and 8-65 has not been encountered in a broad survey of the 
nuclear magnetic resonance spectra of other natural and synthetic carotenoids.* The 
spectrum of capsanthone was very similar to that of capsanthin, indicating that the same 
(cyclopentane) basic structure is present in both. 

The above chemical and spectral evidence indicates that the characteristic ends of 
capsanthin and capsorubin are cyclopentyl groups possessing three methyl substituents, 
each of which is on a fully substituted carbon atom, and also a secondary hydroxyl 
substituent. One methyl group must therefore be sited at C,)*, and the other two must 
constitute a gemi-dimethyl group. The hydroxyl group is most probably at Cy) or Cy, 
since capsanthone shows none of the properties of a B-diketone. Cyclopentane structures 
have not previously been encountered in naturally occurring carotenoids, but their presence 
in the paprika ketones can be readily explained by postulating a pinacolic rearrangement 
of the epoxides (or related derivatives) of zeaxanthin from which they are believed to be 
formed in Nature. It can therefore be concluded that capsanthin has structure 
(1; R = 4d) and capsorubin (II; R = d); these formulations are in complete accord with 
all the evidence given above, and with the extensive analytical results and revised 
molecular formule of Cholnoky e¢ al.8 Although the behaviour towards chloranil of the 
hydroxy-compounds (capsanthol and capsorubol) formed by reduction of these carotenoids 
with potassium borohydride has previously been contrasted with that of the products 
from authentic (acyclic) y-hydroxy-ketones,® this difference is not surprising in view of the 
ring structures now detected in the natural compounds. The reported dehydration of 
capsanthol, and the resistance of capsorubol, on treatment with hydrochloric acid ® is also 
readily understood. 

Mention must also be made of a few reports which appear to be inconsistent with 
structures (I and II; R=d). In support of structure (VII) for one end group of 


* Geneva numbering; C,,) is equivalent to C,,, on the standard carotenoid numbering. 
18 Barber, Davis, Jackman, and Weedon, J., 1960, 2870. 


4022 Barber, Jackman, Warren, and Weedon: 


capsanthin, Karrer e¢ al.’ cited the formation of propionic, butyric, and valeric acid on 
oxidation of dehydroxyperhydrocapsanthin with chromic acid; however, no yields were 
given, and the acids were identified only by paper chromatography. Their main product 
was apparently a C, acid which is in good agreement with structure (I; R=) for 
capsanthin. Cholnoky et al.8 have concluded from micro-hydrogenation studies that 
capsanthin and its esters contain eleven double bonds and not ten as previously reported; 
however, in our experience, catalytic hydrogenation of capsanthin is accompanied by at 
least partial reduction of the keto-group. The same authors obtained 0-3—0-4 mol. of 
acetone on oxidation of capsanthin, again contrary to earlier reports, and therefore 
favoured the isopropylidene structure (VIII) for the end group; however, the yield of 
acetone is considerably lower than that obtained from authentic isopropylidene com- 
pounds, and it is known that other structures can give rise to acetone under the experi- 
mental conditions used. The doubtful significance of these results is apparently recognised 
by the subsequent proposal of (IX) for the end group.® That neither capsanthin nor 
capsorubin contains an isopropylidene end group is unequivocally shown by the nuclear 
magnetic resonance spectra. 

Biogenetic schemes, based on carotenoids other than zeaxanthin, are conceivable 
which would allocate the hydroxyl group to position 3 or 5 in the five-membered ring 
rather than to position 4. However, confirmation of the structures assigned to the charac- 
teristic end group of capsanthin and capsorubin was obtained in the following way. 
Treatment of 1,2,2-trimethylcyclopentanecarboxylic (camphonanic) acid 4 (X; R= H) 
with methyl-lithium gave the methyl ketone (XI), which on condensation with apo-2- 
carotenal and crocetindial (V) gave dehydroxy-capsanthin and -capsorubin (e.g., II; R = e) 
respectively. The nuclear magnetic resonance spectra of these products included three bands 
(9-15, 8-89, 8-81 p.p.m.) due to the methyl groups on the cyclopentane rings. By comparison 
the three bands (9-02, 8-77, 8-65 p.p.m.) attributable to the methyl groups on the cyclo- 
pentanone ring of capsanthone occurred at significantly lower fields. This deshielding due 
to the extra keto-group is identical (within experimental error) with that found on compar- 
ing the spectra of the methyl ester (X; R = Me) (9-14, 8-93, 8-87) and its 4-oxo-derivative 
(XII) (8-98, 8-83, 8-70), but different from that due to the 3-keto-group in the ester 
(XIII; R = Me) (9-06, 8-96, 8-77 p.p.m.). The keto-group in the five-membered ring of 
capsanthone, like that in (XII), must therefore be symmetrically placed with respect to 
the three methyl groups. 


O. Me 
Me COR Me Me CO,Me Me CO,Me Me CO,H 
Me Me Me Me Me Me Me Me Me Me 
O HO,C 
(X) (XI) (XII) 6 (X11) (XIV) CO>}H 


In an interesting paper submitted independently of our preliminary publication,*® 
Entschel and Karrer !” have arrived at some of the same conclusions. They describe the 
Oppenauer oxidation of capsanthin and capsorubin, and the degradation of di-O-acetyl- 
capsorubin to an acid, CyH,,03, which they believe to be a hydroxycamphonanic acid. 
They conclude that capsanthin and capsorubin have structures (I and II; R = d), or are 
isomers of these with hydroxyl groups at other positions of the five-membered rings. The 
identity of the three end groups (R in I and II) was not clearly established, and the nature 
and position of the alkyl substituents was deduced from biogenetic arguments only. 

More recently Cholnoky and Szabolcs }8 reported briefly the oxidative degradation of 
capsorubin to a mixture of acids which included aa-dimethylsuccinic, trimethylsuccinic, 


14 Appel, Z. phys. Chem., 1933, 218, 202. 

15 Cooper and Weedon, unpublished results. 

16 Barber, Jackman, Warren, and Weedon, Proc. Chem. Soc., 1960, 19. 
17 Entschel and Karrer, Helv. Chim. Acta, 1960, 48, 89. 

18 Cholnoky and Szabolcs, Experientia, 1960, 16, 483. 
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a«f-trimethylglutaric, and the tricarboxylic acid (XIV) (camphoronic acid). In con- 
junction with our evidence for the identity of the two end groups, these results provide 
strong confirmation of our main structural conclusions. 
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EXPERIMENTAL 

As far as possible, operations were carried out in an inert atmosphere, usually of nitrogen. 
Alumina for chromatography was pre-treated as described by Cheeseman e¢ al.!® and was 
grade IV on the Brockmann and Schodder *° activity scale. 

M. p.s were determined in evacuated capillary tubes unless otherwise stated; those 
determined on a Kofler block are corrected. 

Visible and infrared light absorption data were determined for benzene and chloroform 
solutions, respectively. 

Nuclear magnetic resonance spectra were determined for chloroform or deuterochloroform 
solutions at 40 and 56-4 Mc./sec., as previously described.!* 

Capsanthone.—A mixture of capsanthin (200 mg.; pure) and aluminium t-butoxide (8 g.) in 
acetone (200 c.c.) and benzene (200 c.c.) was heated under reflux for 36 hr., cooled, and shaken 
with n-sulphuric acid (2 x 200 c.c.). The organic layer was washed with water and aqueous 
sodium hydrogen carbonate, dried (MgSO,), and evaporated under reduced pressure, finally at 
50°/10 mm. Chromatography of the residue in benzene on alumina, collection of the main 
band, evaporation, and crystallisation from aqueous methanol gave capsanthone (40 mg.) as red 
rhombs, m. p. 167° (Found: C, 82-6; H, 9-45; O, 8-6. Cj, H,,O, requires C, 82-45; H, 9-35; 
O, 8-25%), Amax, 489 my (¢ 105,000), inflection 516 my, vax, 3630 (e 40), 1739 (c 480), 1664 (e 210), 
1576, 1546, 1505, 1004, 985, and 970 cm.4._ Reduction of the reaction time or of the proportion 
of butoxide lowered the yield appreciably. Attempts to use slightly impure capsanthin were 
also unsatisfactory. In some experiments small amounts of a cis-capsanthone (Ama, 478, 
367 mu) were observed which yielded the above “ all-tvans ’’-isomer on irradiation in benzene 
in the presence of a trace of iodine. 

A solution of capsanthone (25 mg.) and acetic anhydride (1 c.c.) in pyridine (5 c.c.) was 
warmed gently, kept for 1 hr., and then poured into water. Isolation of the product in the 
usual way, chromatography from benzene on alumina, and crystallisation from aqueous 
methanol gave the acetate (14 mg.) as red rhombs, m. p. 152° (Found: C, 80-5; H, 9-3; O, 9-9. 
C42Hs,O0, requires C, 80-8; H, 9-0; O, 10-2%), Amax 489 mu (ce 99,000), inflection 515 muy, Vmax. 
1736, 1725 (sh), 1661 (¢ 190), 1578, 1549, 1507, 1006, 980,971cm.-4. Acetylation of capsanthone 
with acetyl chloride in pyridine gave lower yields of the acetate. 

Capsanthone (6 mg.) was recovered (comparison by infrared and visible spectra, and mixed 
chromatogram) after treatment with sodium methoxide (from 15 mg. of sodium) in methanol 
(2 c.c.) at 20° for 48 hr. 

Capsorubone.—A mixture of capsorubin (51 mg.) and aluminium t-butoxide (1 g.) in acetone 
(50 c.c.) and benzene (50 c.c.) was heated under reflux for 36 hr. Isolation of the crude product, 
chromatography from benzene on alumina, collection of the main red band, and evaporation 
gave capsorubone (ca. 5 mg.), Amax, 524, 491 my, vax 1735, 1661 cm., €4739/€;¢¢4 = 2°2 (cf. 2-3 
for capsanthone). 

Conversion of Capsanthone into Capsanthin.—(i) A solution of capsanthone (31 mg.) in tetra- 
hydrofuran (10 c.c.) was added to one of lithium aluminium hydride (40 mg.) in the same 
solvent (10 c.c.). The mixture was stirred at 20° for 30 min. Methanol was added to 
decompose the excess of hydride. The solution was diluted with benzene (20 c.c.) and then 
washed with 0-5Nn-sulphuric acid and aqueous sodium hydrogen carbonate, dried (MgSQ,), 
and evaporated under reduced pressure, giving a crude mixture of decaenetriols, Amax, 484 and 
458 mp (Warren and Weedon ° give Ang, 483 and 455 my for capsanthol). * 

A solution of the crude triols and chloranil (30 mg.) in benzene (7 c.c.) was kept at 20° for 
24 hr., then poured on a column of alumina. Development of the chromatogram with 0-2% of 
ethanol in benzene gave three main bands which were collected. The least strongly adsorbed 
band, with Aya, 490, 463 my, was not examined further. The second band was evaporated, giving 
a solid (ca. 4 mg.), Amax, 484, inflection 516 my, no “ cis-peak,” vmx 3600, 3450, 1646, and 
1033 cm.", ¢€4933/€y¢4g C4. 5°5. It separated from both capsanthin and capsanthone in mixed 
chromatograms. Evaporation of the third (most strongly adsorbed) band gave a solid (4 mg.), 


19 Cheeseman, Heilbron, Jones, and Weedon, J., 1949, 3120. 
20 Brockmann and Schodder, Ber., 1941, 74, 73. 
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m. p. 170°, Amax, 484, inflection 515 mu. Its infrared absorption spectrum (v_,,, 3600, 1664 
cM. 1; €1933/€1¢¢4 = Ca. 4:1)was identical with that of natural capsanthin, and no separation 
was observed in a mixed chromatogram. 

(ii) A solution of potassium borohydride (11 mg.) and capsanthone (9 mg.) in methanol 
(2 c.c.) was kept at 20° for 14 hr. Reduction being incomplete, further borohydride (10 mg.) 
was added. After 3 hr. a specimen of the solution diluted with benzene had Apa, 486 and 
458 mu. The methanol solution was treated with 2N-sodium hydroxide (0-2 c.c.) and kept for 
2 hr. Benzene was added and the solution was washed with water, dried (MgSO,), and 
evaporated. 

Oxidation of the crude product in benzene (7 c.c.) with chloranil (11 mg.) and isolation as 
described in the previous experiment gave: (i) a solid, Amax. 489 mu, m. p. 162—164° (Kofler), 
undepressed on admixture with capsanthone, from which it did not separate in a mixed 
chromatogram; (ii) a solid, m. p. 181—185° (Kofler), Amax, 484, inflection 515 my, which 
separated from both capsanthin and capsanthone in mixed chromatograms; and (iii) a solid, 
Amax, 483, inflection 516 my, which did not separate from capsanthin in a mixed chromatogram. 

1-Acetyl-1,2,2-trimethylcyclopentane (XI).—A solution of 1,2,2-trimethylcyclopentanecarb- 
oxylic (camphonanic) acid * (8-0 g.) in ether (20 ml.) was added during 30 min. to one of methyl- 
lithium (from 3-0 g. of lithium) in ether (100 ml.). The resulting solution was stirred at 20° 
for 4 hr. and then under reflux for 12 hr. Isolation of the neutral product in the usual way and 
distillation gave a fraction (4-6 g.), b. p. 90—92°/19 mm., m. p. 40—45°. Since gas-liquid 
chromatography revealed the presence of ca. 10% of an impurity with a longer retention time, 
the crude product was purified by chromatography on alumina and gave the ketone, 
b. p. 78°/12 mm., m. p. 50° (Found: C, 77-7; H, 11-75; O, 10-25. C,)H,,O requires C, 77-9; 
H, 11-75; O, 10-35%), vmax, 1695 cm."1, + 7-92 (CO-CH,), 8-44, 8-89, 8-93, and 9-14 p.p.m. The 
2,4-dinitrophenylhydrazone crystallised from chloroform—methanol in plates, m. p. 141° (Found: 
C, 57-4; H, 6-7; N, 16-9. C,,H,,0,N, requires C, 57-45; H, 6-65; N, 16-75%). The semi- 
carbazone was formed in low yield and crystallised from aqueous alcohol in needles, m. p. 
205—206°. 

4,8,13,17- Tetvamethyl - 1,20-di-(1,2,2-trimethylcyclopentyl)eicosa-2,4,6,8,10,12,14,16,18-nona- 
ene-1,20-dione(II; R = e).—A mixture of the preceding ketone (1-0 g.), crocetindial #4 (100 
mg.), and 5% ethanolic potassium hydroxide (6-0 c.c.) was warmed and shaken. occasionally. 
After 2 days the mixture was refluxed for 30 min., diluted with ethanol (6 c.c.), and kept at 
—10° overnight. The purple crystals (125 mg., 65%) which had separated were collected and 
had m. p. 200—205°. Recrystallisation from benzene—methanol gave the polyene diketone, 
m. p. 205° (Found: C, 84-5; H, 9-9; O, 5-9. Cy H;,O, requires C, 84-5; H, 9-9; O, 5-6%), 
Amax, 458, 486, and 520 my (10% 88, 126, and 115 respectively), vnax, 1661 cm. (e 440), + 8-03, 
8-81, 8-89, and 9-15 p.p.m. 

4,8,13,17- Tetramethyl-19-(2,6,6-trimethylcyclohex -1-enyl) - 1-(1,2,2-trimethylcyclopentyl)nona- 
deca-2,4,6,8,10,12,14,16,18-nonaen-1-one.—A mixture of apo-2-8-carotenal 2? (200 mg.), l-acetyl- 
1,2,2-trimethylcyclopentane (1-0 g.) and 5% ethanolic potassium hydroxide (15 c.c.) was 
warmed and shaken occasionally. After 2 days the mixture was boiled under reflux for 30 
min., cooled, and diluted with light petroleum (b. p. 60—80°) (250 c.c.). The petroleum 
solution was washed with aqueous methanol (1 : 9) and then with water, dried, and evaporated. 
Chromatography of the residue in benzene on alumina, isolation of the main red band, 
evaporation, and crystallisation of the residue from benzene—methanol gave the polvene ketone 
(25 mg.) as needles, m. p. 164—165° (Found: C, 86-8; H, 10-5. C,,H;,O requires C, 86-9; 
H, 10-2%), Amax, 483 my (e 101,000), vnax, 1667 cm.™ (e 200), + 8-03, 8-28, 8-82, 8-89, 8-97, 9-15 
p-p.m. , 


Analyses were carried out in the microanalytical (Miss J. Cuckney), and some of the infra- 
red light absorption measurements in the spectrographic laboratory (Mr. R. L. Erskine) of this 
Department. The authors are indebted to Messrs. Hoffmann-La Roche & Co. Ltd. for gifts 
of chemicals and for financial support (C. K. W.). One of them (M. S. B.) thanks the Depart- 
ment of Scientific and Industrial Research for a research studentship. 
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21 Isler, Gutmann, Lindlar, Montavon, Riiegg, Ryser, and Zeller, Helv. Chim. Acta, 1956, 39, 463. 
22 Riiegg, Montavon, Ryser, Saucy, Schwieter, and Isler, Helv. Chim. Acta, 1959, 42, 854. 
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783. Iron Bisindigo, a Compound Reported to exhibit Oxygen- 
carrying Properties. 
By L. F. LARKwWorTHY. 


The iron bisindigo complex formed by reaction between iron penta- 
carbonyl and indigo has been found not to combine reversibly with oxygen. 
The apparently reversible reaction reported by earlier workers was due to an 
excess of iron pentacarbony] in the reaction mixture; thus the complex is not 
a suitable model for hamoglobin. Magnetic-susceptibility measurements 
have shown that the complex contains iron(II) in the spin-free state. This 
suggests a tetrahedral configuration for the apparently 4-co-ordinate metal 
atom, but octahedral co-ordination to neighbouring molecules is possible. 
On oxidation, the susceptibility decreased to a value approximately that 
expected for three unpaired electrons. Infrared and other studies show that 
reduction of one indigo molecule occurs before or during co-ordination. 
Apparatus for handling the complex in purified nitrogen is described. 


MANY metal-indigo compounds have been prepared,!“* but their structures are not known. 
One of these, iron bisindigo, has been investigated, first, because it was reported by Kunz 
and Kress ? in 1927 to combine reversibly with oxygen, and has since been widely quoted ® 
as the only synthetic oxygen-carrying compound of iron. It is now known that in suitable 
conditions ferrous dimethylglyoxime ® and the imidazole complexes of meso- and proto- 
hem 7 also combine reversibly with oxygen. 

Kunz’s work may be summarised as in the annexed scheme. He prepared the iron- 
indigo complex by treating an excess of iron pentacarbonyl with indigo suspended in hot 
pyridine, and for oxygenation he used the red solution containing residual iron carbonyl 





oO, 
Green <(—._ Red Indigo +- Fe(NO),? 
(excess) 
a, Fig 
21nd 
Fe(CO); ————® Fe(ind).(CO);(py). > Fe(ind), oo Fe(ind),O0, 
py Green excess of Fe(CO), Red N, or vacuum Green 
intermediate 
col Jo, (excess) 
No reaction - Red solution 
of unknown 


products 
Ind = indigo; py = pyridine; all reactions in pyridine. 


obtained at the end of the preparation. It was assumed that all the indigo had been 
converted into the complex, and on reaction with oxygen one molecule was absorbed per 
iron atom present as Fe(indigo),, the red solution becoming green and much heat being 
evolved. By pumping out the oxygen, or by bubbling nitrogen through the solution, 
the original colour was restored. The reaction with oxygen could be repeated with gradual 
loss of efficiency. Green crystals of the formula Fe(indigo),O, were said to be isolated 
from the oxygenated solution. 

Further, 5 molecules of nitric oxide were absorbed per molecule of the complex, and 

1 Kunz, Ber., 1922, 55, 3688; Kunz and Giinther, ibid., 1923, 56, 2027; Kunz and Stiihlinger, 
ibid., 1925, 58, 1860. 

2 Kunz and Kress, Ber., 1927, 60, 367. 

3 Kuhn and Machemer, Ber., 1928, 61, 118. 

4 Machemer, J. prakt. Chem., 1930, 127, 109. 

5 E.g., Diehl, Chem. Rev., 1937, 21, 39; Martell and Calvin, ‘‘ Chemistry of the Metal Chelate Com- 
pounds,” Prentice Hall, New York, 1952, p. 338. 

6 Drake and Williams, Nature, 1958, 182, 1084. 

7 Corwin and Bruck, J. Amer. Chem. Soc., 1958, 80, 4736. 
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indigo was quantitatively precipitated; and after reaction with hydrogen cyanide the 
compound only slowly gave a green colour with oxygen. 

Kunz formulated iron bisindigo as an “‘ addition ” product (I) of iron and two molecules 
of cis-indigo; trans-indigo is the stable form, but cis-derivatives, ¢.g., oxalylindigo, exist. 
The studies recorded here have been carried out to check the results of previous workers, 
and, when it had been found that the combination with oxygen was not reversible, to 
establish the structure of the complex. 

Repetition of Kunz’s Work.—The iron-indigo complex has been isolated in good yield 
by Kunz’s method. He recorded only iron analyses for this and his other compounds, but 
its complete analysis agrees well with the formula Fe(indigo),. In oxygen the solid 
inflamed and on exposure the solution of the complex in pyridine became green almost 
instantaneously. Thus, the work has been done in the absence of oxygen, and apparently 

simple operations became necessarily elaborate: the apparatus 


4 2 is described in the Experimental section. 

va S ci ‘ : . ' 
CT ‘c=c’ L) The green intermediate (see reaction scheme) has been 
NN a, ™ isolated, though in poor yield. No matter at what temperature 
HN. NH it is dried it does not reach constant weight; changes in the 
“Fe. (I) very complicated infrared spectrum suggest that, on drying, 
HN” "NH some decomposition occurs and pyridine may be lost, and as 
/. o- a result no consistent analyses can be obtained. The material 
CL Pa is paramagnetic, with an effective magnetic moment of about 
¢ S 5 B.M. at room temperature. It is non-conducting in pyridine. 
o - Its highest infrared absorption in the carbonyl stretching region 
is at 1667 cm.!, though co-ordinated carbon monoxide usually absorbs at much higher 
frequencies, ¢.g., at about 2000 and 1830 cm.* in the terminal and bridging positions, 
respectively, of Fe,(CO)9.8 Therefore, Kunz’s conclusions concerning the nature of this 

intermediate do not seem valid. 

Similar results were obtained when Kunz’s oxygenation experiments were repeated. 
However, when the gas evolved under reduced pressure as the green oxygenated solution 
changed back to red was shaken with manganous hydroxide to estimate oxygen by 
Winkler’s method ® none was found. When iron bisindigo was redissolved in pyridine and 
treated with oxygen the red solution became green as before, but the red colour could not 
be restored by evacuation, and no oxygen could be detected. On addition of iron penta- 
carbonyl, gas was evolved and the red colour restored. Thus, the iron carbonyl was 
responsible for the apparently reversible reaction observed by Kunz. It had been 
previously reported 1° that oxygen was evolved from the oxygenated iron indigo and iron 
carbonyl reaction mixture: this result was in error because of manipulative difficulties and 
was not confirmed by the later estimations by Winkler’s method. 

When oxygen was passed through the reaction solution containing residual iron 
carbonyl, or through a solution prepared by redissolving iron bisindigo in pyridine, a 
microcrystalline mud was obtained instead of the beautiful green prisms reported by 
Kunz. On oxidation in air the solid compound became dark green and warm; the oxid- 
ation was not reversed under reduced pressure. * This solid was similar to that obtained 
from solution, but in neither case could the materials be purified by recrystallisation; the 
assignment of the formula Fe(indigo),O, by Kunz seems based on insufficient evidence. 

It has been confirmed that indigo is regenerated by reaction with nitric oxide, and 
that approximately 5 NO molecules are absorbed per iron atom, but much slow additional 
absorption also occurred. The reaction was similar in dimethylformamide, but only 3— 
4 mol. of gas were absorbed. 

When an excess of dry hydrogen cyanide was distilled into a solution of iron bisindigo 


8 Sheline and Pitzer, J]. Amer. Chem. Soc., 1950, 72, 1107. 
* See Palmer, ‘‘ Experimental Physical Chemistry,’’ Cambridge Univ. Press, London, 1949, p. 60. 
10 Larkworthy and Nyholm, Nature, 1959, 188, 1377. 
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in pyridine the red solution darkened and became warm, and a bright yellow solid, not 
reported by Kunz, soon separated. Its infrared spectrum showed the presence of CN 
groups and resembled that of indigo, and although it rapidly gave a pale green material in 
air this involved little change in the infrared spectrum. The iron content was 
approximately 20%. Because of its difficult preparation and ready oxidation this yellow 
material has not been characterised. 

Magnetic Susceptibilities.—The oxidation state of the metal atom in an iron compound 
can generally be inferred from magnetic-susceptibility measurements which can be made 
for easily oxidisable compounds such as iron bisindigo provided sealed susceptibility tubes 
are used. 

In many of the initial preparations of the complex some ferromagnetic impurity was 
present, as judged from the variation of the susceptibility with field strength. The amount 
of impurity was too small to affect the iron analysis, and probably arose from the 
decomposition of traces of iron pentacarbonyl adsorbed by the iron bisindigo during its 
preparation. Recrystallisation was difficult because of the poor solubility and easy 
oxidation of the compound, but after variation of the experimental conditions it was 
found that preparation according to the method in the Experimental section usually gave 
samples whose susceptibility was not greatly affected by the field strength; hence the 
concentration of impurity was extremely small, and correction for it by extrapolation of 
the susceptibility to infinite field was valid. Two examples are given in Table 1. 


TABLE 1. Vartation of gram susceptibility %, of iron bisindigo with reciprocal of field strength 
1/H (H in gauss) (sample A at 293° K; sample B at 265° k). 


A 10®x, 18-3 18-0 17-9 17-8 17-9 17-7 17-7 a rere 17-2 
104/H 2-28 2-00 1-70 1-49 1-38 1-28 1-21 MP <dssennetess 0 
B 10%, 36-3 34:5 32-5 30-7 29-2 MEME. -wxicdtesnohnantapescimamrsblepansaie 21-4 
104/H 3-53 2-96 2-45 2-06 1-74 SPE | KaichngiatanercsGensiniusteseredees 0 


The effective magnetic moment was found to be 4-9 B.M. for sample A and 5-2 B.M. 
for sample B. In spite of almost identical iron analyses the field dependence was quite 
marked with sample B, whereas with A it was hardly more than is found with a normal 
paramagnetic compound because of non-uniform packing. However, the values for the 
effective moment are close enough for it to be assumed that the moment is near the spin- 
only value for 4 unpaired electrons, viz., 4-90 B.M. 

Results of temperature-susceptibility measurements for a sample with negligible field- 
strength variation are given in Table 2. Iron bisindigo obeys the Curie-Weiss law, with 6 


TABLE 2. Variation of molar susceptibility of iron bisindigo with temperature. 
BERK, seicnenacnctanecne 88-8 81-6 71-5 63-1 58-8 45-2 37-9 33-9 
Temp. (K)  ......... 293° 265° 231° 201° 169° 137° 110° 94-7° 
25° k; thus there is little interaction between the iron atoms in the solid. From these 


results the effective moment at 265° k was found to be 5-1 B.M. Thus the compound 
contains iron(II) in the spin-free state. From the formula Fe"(indigo), the spin-free iron 


3d 4s 4p 4d 

re (AN 2) CLO Chee 
—<—— s p> — 
—t—$§£ sp 3? ——____» 


ion is apparently 4-co-ordinate. If so, one expects for the molecule a tetrahedral con- 
figuration because a square-planar configuration would use 3d4s4$? hybridisation for 
bonding and give rise to a spin-only moment near 2:83 B.M. However, the magnetic 


11 Bates, ‘‘ Modern Magnetism,’”’ Cambridge Univ. Press, London, 1948, p. 114. 
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measurements do not exclude an octahedral configuration in the solid through co-ordin- 
ation of the iron atom to oxygen or nitrogen atoms of adjacent chelate molecules. Only 
X-ray crystallographic determinations, for which the solid is not suitable, could distinguish 
between these structures. 

The ferrous bisindigo was oxidised in the susceptibility tube, and the susceptibility of 
this product was also determined. There was slight field-dependence, as for sample A, 
near room temperature, and extrapolation to infinite field gave an effective magnetic 
moment of approximately 4.B.M. Iron(111) compounds in general have moments of 5-7— 
6-0 or 2-0—2-5 B.M.” The moment of 4 B.M. might arise because of interaction between 
the metal atoms in an oxygen-bridged ferric complex, or because of the use of only one 
3d-orbital for bonding.4* However, at low temperatures the field-dependence was too 
great to allow a determination of 8 which might have shown whether metal-metal inter- 
action was responsible for the reduced moment. 

Reduction of Indigo during the Formation of Iron Bisindigo.—The magnetic measure- 
ments show that the complex contains iron(II) in the spin-free state. Gas-evolution 
studies have confirmed that 5 carbon monoxide molecules are evolved for every two indigo 
molecules present, and the infrared spectrum that it contains no co-ordinated carbon 
monoxide. Thus, the overall reaction may be written: 


2Indigo + Fe®(CO),; = Fe! (indigo), + 5CO 


The formation of ferrous iron means that two electrons are removed from the iron atom, 
and co-ordination of a ferrous ion to two indigo molecules requires the displacement of 
two protons if a neutral molecule is to be formed. The net result could be the production 
of the complex with evolution of hydrogen. Kunz reported that no hydrogen was evolved, 
and this has been confirmed. His work was criticised by Kuhn and Machemer * who 
claimed that hydrogen ions were displaced from indigo on reaction with copper(I) salts, 
and suggested that the same must have occurred with iron carbonyl and indigo. 
Machemer * further claimed that the iron—indigo complex gave a green and not a red 
solution in pyridine. He treated ferrous acetate with indigo in pyridine and obtained a 
green solution, but isolated no compound. His experiment has been repeated: the 
pyridine solution was green and acid, and from it a yellow-green solid was isolated which 
was oxidised readily in air. Its structure has not been determined, but it is quite different 
from the complex prepared from iron carbonyl. 


:. 2 =. 
4 N\ _. 
HN NH Nv rN 
Fe° (CO), — Fe + 5cO 
HN NH HN NH 
O50 OLD « 
= es ( 
—: eS 
O O 


It is believed that in the formation of the standard complex one indigo molecule is 
effectively reduced by a hydrogen molecule and ferrous iron is formed. The mechanism is 
not known, but the complex can be imagined to be built up, as shown above, by combin- 
ation of Fe®* and one indigo and one indigo white molecule, with the displacement of 
2 protons. There is no net displacement of hydrogen from the parent indigo molecules. 
Formula (II) shows iron bisindigo with both indigo residues in the cis-configuration. Both 

12 Figgis and Lewis, ‘‘ Modern Co-ordination Chemistry,” Interscience Publ., Inc., New York, 1960, 


p. 406. 
18 Bayer and Hauser, Experientia, 1955, XI/7, 254, and other references therein. 
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may be trans, or one cis and one trans; and, according to the configuration, co-ordination 
of each molecule can be through two nitrogen, one oxygen and one nitrogen, or two oxygen 
atoms. This leads to several possible formule which can have different arrangements of the 
four hydrogen atoms. There is little evidence to show which is correct. Formula (II) 
has been chosen since it shows most directly the reduction of one indigo molecule and the 
proton redistribution. Experimental evidence for this is given below. 

When strongly heated, iron bisindigo does not melt, but decomposes, and much indigo 
(30%) can be sublimed from it. The production of indigo in fair yield indicates that 
hydrogen is not lost on co-ordination, but only removed to positions on the ligand such 
that on decomposition indigo is re-formed. 

Methylmagnesium iodide yields 4 moles of methane per mole of the complex: 2 moles 
of methane are obtained from 1 mole of indigo, so the complex contains 4 active hydrogen 
atoms in OH and/or NH groups. 

Indigo is formed by reaction of the complex with nitric oxide, a reaction in which no 
protons are introduced. . 

The complex dissolves in concentrated aqueous potassium hydroxide only when heated. 
This, and its low molar conductance (~1 7 for a 0-001m-solution in pyridine, much less 
than expected for a uni-univalent electrolyte ™) suggest the presence of feebly acidic 
hydroxyl groups. 

Conductance measurements during the reaction between iron carbonyl and indigo 
exclude the presence in bulk of ionic species. The conductance showed little change 
until the green solution of the intermediate compound began to change to red. The molar 
conductance of the final solution, calculated by assuming that all the indigo had been 
converted into the complex (0-0075m), was ~20 97. This is higher than would be 
expected for iron bisindigo alone and may be due to traces of ionic species, e.g., carbonyl 
ferrates arising from reaction of the excess of carbonyl with pyridine. 

The complex is readily formed in pyridine and 2,6-lutidine, less easily in dimethyl- 
formamide, and hardly at allin xylene. A basic solvent seems necessary to allow proton 
transfer. 

The strong absorption of iron bisindigo (e 3000 at 500 my, rising to 10,000 at 350 my) 
suggests that conjugated carbonyl groups are present. Experimental difficulties have 
prevented more accurate measurements. On initial oxidation a broad peak developed at 
720 my (< 13,000) which could arise from an increase in the number of carbonyl groups by 


oxidation of =¢-OH. This agrees with the infrared results. On further oxidation the 
absorption at 720 my ‘disappeared and a pale yellow solution remained. In an excess of 
oxygen these changes occurred rapidly; and much more than one oxygen molecule per 
iron atom was absorbed when experiments were carried out on more concentrated solutions. 

Further evidence for the reduction of an indigo molecule is provided by infrared studies; 
some of the absorption frequencies of indigo, of indigo white, and of ferrous bisindigo 
and its oxidised form are given in the Experimental section. Indigo has been shown to be 
intermolecularly hydrogen-bonded, the NH and CO stretching absorptions appearing at 
3260 and 1625 cm., respectively.% Indigo white shows an additional band in the 
hydrogen stretching region at 3450 cm.7, a little above the usual range (3400— 
3100 cm.) for free NH stretching vibrations in the solid state. This band also 
disappeared on oxidation and is therefore likely to be a hydrogen-bonded OH stretching 
absorption. Ferrous bisindigo shows two additional bands, at 3430 and 3360 cm., which 
also disappeared on oxidation, and new absorptions appeared at 1733 and 1686 cm.* in 
the expected region for carbonyl groups in five-membered rings produced by oxidation of 


14 Robinson and Stokes, “‘ Electrolyte Solutions,’’ Butterworth’s Scientific Publ., London, 1955, 
p. 508. 

15 Bergmann, J. Amer. Chem. Soc., 1955, 77, 1549; Weinstein and Wyman, ibid., 1956, 78, 2387; 
Holt and Sadler, Proc. Roy. Soc., 1958, B, 148, 495. 

16 Katritzky, Quart. Rev., 1959, 18, 358. 
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hydroxyl groups. This, and the general resemblance to the indigo white spectrum show 
that OH and NH groups are present, the former being obtained by reduction during the 
reaction with iron carbonyl. 

The conductance of a 0-001M-solution of the complex in pyridine was approximately 
halved on reaction with oxygen. When iron carbonyl was present the same thing 
happened; and on evacuation the conductance increased slowly until the original colour 
was restored; then the conductance was somewhat higher than before reaction with 
oxygen. This could be repeated several times. It seems that the oxidation is analogous 
to the oxidation of indigo white: 


-coor:d-tic(ony- + O,= -codidco- -++- HzO, 


This reaction would explain the absorption of one oxygen molecule per molecule of the 
complex. The production of hydrogen peroxide in the autoxidation of indigo white has 
been demonstrated by Manchot and Herzog.!”7_ Kunz has reported that indigo is reduced 
to indigo white by iron carbonyl in wet pyridine, and in the presence of the carbonyl the 
hydrogen peroxide or water derived from it is used, in a similar reaction, to re-form the 
indigo white structure. The reducing action of iron carbonyl in rather different conditions 
is well known.!® Thus, the reaction of the complex with oxygen is due to its indigo 
white structure and is not at all analogous to the oxygenation of hemoglobin. 


EXPERIMENTAL 

Preparation of Iron Bisindigo.—Resublimed indigo (3-5 g.) was weighed into vessel A 
(Fig. 1); pyridine (120 ml.), purified by distillation in nitrogen from barium oxide and potassium 
hydroxide, was added. Vessel A was attached to the main apparatus which was pumped out 
and filled with dried and deoxygenated nitrogen. Iron pentacarbonyl (3-5 ml.) was added at 
S, against a stream of nitrogen; S, was stoppered, and any air which might have entered 
swept out with nitrogen. The solution was stirred magnetically and heated at 90—100°. 
It soon began to evolve carbon monoxide, and the colour to change to green and later to red. 
The gas was released intermittently by opening the clip on the rubber tubing (shown broken). 
The reaction was usually slower than recorded by Kunz. Just before the colour change to red 
no solid could be seen in the solution, but very soon after this change some separated. The 
solution was kept at 105—110° until a fair amount of solid had separated, and was then sucked 
into vessel B. The solution was concentrated at 60° to about two-thirds of its volume, shielded 
from light, and left overnight. Vessel A was removed by cutting the rubber tubing, the part of 
B which was exposed to the atmosphere cleaned out, and B was then inverted. The solid was 
shaken down by rotating vessel B several times, and the filter (Fig. 2) was attached. Sintered- 
glass filters always became blocked, and it was found best to use a perforated glass disc with 
two pieces of strengthened filter paper (Whatman’s No. 50) held in position by a Polythene 
ring. The crystals were filtered off by allowing the liquid to drain through under slight 
suction—strong suction or badly fitting paper caused great loss of the solid around the sides of 
the paper and could permit oxidation. The filter was fitted between vessel B and a similar 
flask; these could be interchanged if a considerable quantity of solid escaped. 

After the filtration apparatus had been attached it was evacuated and filled with nitrogen 
several times. Vessel B was designed so that after inversion nitrogen could by-pass it into the 
filtration apparatus, and wash liquid from vessel C would flow into B to remove any residual 
solid as shown rather than along the by-pass. The crystals and mother liquor were run, in 
small quantities at a time, on to the filter. The crystals were washed with pyridine blown over 
from C; the solid was pumped off until it appeared dry; and the filter was filled with nitrogen 
and detached. The solid was pushed off the filter with the brass rod and shaken into the 
T-piece of the “ pig ’’ P (Fig. 2). Any lumps were crushed as much as possible (if sintered-glass 
filters are used small pieces of glass tend to be dislodged and contaminate the product; this was 
a further advantage of filter paper). The filter was re-attached and evacuated, and the solid 


17 Manchot and Herzog, Annalen, 1901, 316, 318. 
18 Sternberg and Wender, Internat. Conf. Co-ordination Chem., Chem. Soc. Special Publ. No. 13, 
1959, pp. 39—43. 
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dried by heating the T-piece in a bath at 100—110° under reduced pressure for several hours. 
The apparatus was again filled with nitrogen, the filter detached, and the solid shaken into the 
tubes of the “ pig ’’ which were then sealed under reduced pressure. The T-piece was used so 
that the solid could be loosely packed to a small depth and dried at one time: efficient drying 
in the tubes was impossible because of the depth of the solid, ¢.g., 10 cm. for magnetic 
susceptibility tubes. 

The design of the attachment containing the rod is shown in Fig. 2. The nozzle of a football 
bladder B was wired at XX to the tube from a ball-joint; a brass rod passed through the ball- 
joint into the bladder. There was sufficient room within the bladder for to-and-fro movement, 
and the ball-joint allowed some lateral movement. Small amounts of air, which had either 


M 


Fic, 1. Apparatus for preparation of 

ivon\11) bisindigo. 

M = Manometer. O = Outlet through 
traps. P= Pump. A block of 
taps (2—7), allowing gas to flow in 
different directions, appears to have 
been used by Corwin and Erdman 
(J. Amer. Chem. Soc., 1946, 68, 
9473). 





x Fic. 2. Filtration apparatus. 
P B = Bladder. P = “ Pig.” For XX, YY see text. 


xy §& 


been trapped within the bladder or had diffused into it through the rubber, contaminated the 
compound unless the following procedure was carried out. Before filtration the air was removed 
from the bladder by evacuating and refilling the apparatus several times with nitrogen; and 
by wiring the bladder to the rod at YY, the last time it was filled with nitrogen, evacuation of 
the bladder was prevented when the rest of the apparatus was pumped out. Thereby, the 
chance of diffusion of air into the bladder and thence to the solid was greatly Wecreased. When 
the rod was to be used the apparatus was filled with nitrogen, the wire removed, and the solid 
pushed into the pig. Then the bladder was rewired to the rod. The compound could be kept 
unchanged in the filter for several days provided it was under nitrogen at atmospheric pressure. 
If the filter was detached and left under reduced pressure the compound was oxidised in a few 
hours because of leaks where the grease in the taps had been attacked by the pyridine. 

In spite of the precautions the product did not have quite constant composition (Found: C, 
64-9, 64-6, 62-9; H, 4-5, 4-0, 5-1; N, 8-5, 10-1, 10-1; Fe, 9-5, 9-8, 9-5. Calc. for C,;,H,,FeN,O,: 
C, 66-2; H, 3-5; N, 9-65; Fe, 9-6%). 

Absorption Spectra.—In the final stage of the preparation samples of the complex were 
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sealed in Pyrex tubes of about 1 mm. wall thickness and diameter up to 1 cm. according to 
the quantity of solid. These tubes had to be broken open in the absence of air before almost 
any experiment could be carried out. This was done by notching the tube at several places 
and breaking it with a ball-and-socket joint incorporated in the apparatus. The apparatus 
used to record the absorption spectra has been described.!® The notched tubes were weighed 
beforehand, and the pieces of glass collected and weighed at the end of the experiment. The 
tube usually broke cleanly, but there was always a possibility that small pieces of glass were 
lost. This was likely to be important only when weights of the order of 30 mg. were taken, e.g., 
in the preparation of solutions for spectral measurements. 

Conductance Measurements.—The cell had bright platinum electrodes of the dip-in type in 
one compartment, separated by a tap from a second compartment provided with a ball-joint 
for tube-breaking. The solution was tipped into the electrode compartment for resistance 
measurements. Rubber (pressure) tubing was needed to provide flexibility in this and other 
experiments: it was used as sparingly as possible and filled with freshly purified nitrogen 
immediately before use because of possible air-diffusion. 

Some semiquantitative measurements were made during the reaction between iron carbonyl 
and indigo in which the temperature was kept at 90° because cooling to room temperature 
caused crystallisation of the green intermediate. The change in temperature increased the 
conductance of the pyridine, or of the final reaction solution, by a factor of less than two, which 
was much smaller than the conductance changes during the reaction. 

Magnetic-susceptibility Measurements.—The solid was sealed under reduced pressure in a 
Pyrex susceptibility tube. It was not possible to pack the solid bit by bit in the usual way, 
but, as the crystals were small and the tube was evacuated, the packing seemed reasonably 
uniform. After the measurements on the unoxidised compound had been completed the tube 
was broken, the substance was oxidised in a desiccator containing oxygen, and the measure- 
ments were repeated. The glass broken from the top of the tube was too far from the centre 
of the magnetic field for its diamagnetism to affect the results. The temperature-susceptibility 
balance was of the type described by Figgis and Nyholm.”° 

Infrared Spectra.—These were recorded on a Grubb—Parsons double-beam grating instru- 
ment G.S. 2A with rock-salt discs. The mulling agents, Nujol and hexachlorobutadiene, were 
dried and were distilled under nitrogen, the former under reduced pressure. Solution studies 
were not possible because of the great ease of oxidation of some of the compounds and their 
generally poor solubility. The samples of indigo white and ferrous bisindigo were prepared 
(from quantities which had been stored in sealed tubes) in a dry-box through which nitrogen 
was passing. It was difficult to sweep the air from the ordinary type of dry-box used. The 
amount of oxidation was considerably reduced by working within a cardboard box inside the 
dry-box into which was led carbon dioxide, generated from the solid and passed through drying 
towers. The cardboard box was covered with a cloth, and the discs and samples were inside it. 
Provided no violent movements were made the carbon dioxide layer protected the compounds 
reasonably for several hours. Once the mull had been prepared the rate of oxidation became 
slow. The great change in the spectra when the samples of indigo white and ferrous bisindigo 
were allowed to become oxidised on the plates indicated that the compounds were little oxidised 
during the preparation of the samples. Some absorption frequencies of ferrous bisindigo and 
related compounds are given below. 


Ferrous Oxidised 
Indigo Indigo white bisindigo Fe(indigo), 
3450m sharp 3430m sharp 
‘  3360m sharp 
3260m shoulder 3240m very broad 3260m 3260w 
3240m 
3030w 3040w 3050w 
1733s 
1686m 
1625vs 1628m shoulder 
1610vs 1617m 1613m 1616s 
1603m shoulder 1602m 1603s 


Some indigo was reduced under nitrogen by dehydrated sodium dithionite in a solution of 
sodium deuteroxide in D,O. Oxygen was then bubbled through the solution to re-form the 


18 Davies, Hare, and Larkworthy, Chem. and Ind., 1959, 1519. 
20 Figgis and Nyholm, /J., 1959, 331. 
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indigo which was purified by sublimation. The product showed a N-D stretching absorption 
at 2440 cm.+. The deuterated indigo was then used to prepare small quantities of ferrous 
bisindigo in which three bands appeared at 2540, 2500, and 2430 cm."1, corresponding to those 
in the hydrogen stretching region. It was hoped that deuterium analyses of the partly 
deuterated indigo and the ferrous bisindigo prepared from it would have confirmed that there 
was no net displacement of protons in the formation of the complex. Unfortunately, experi- 
mental difficulties in the handling of the complex prevented these measurements. 

The indigo white was prepared by reduction of indigo with sodium dithionite in alkaline 
solution, followed by precipitation with dilute hydrochloric acid. All operations were carried 
out under nitrogen as described in the preparation of ferrous bisindigo. 

Gas-volumetric Measurements.—The absorption of oxygen or nitric oxide by solutions of iron 
bisindigo was measured with a gas-burette. The nitrogen under which the solutions were 
prepared was removed, the gas admitted, and the total uptake measured. This was corrected 
for the volume of vessel and solvent. 

For the reaction with methylmagnesium iodide the Grignard reagent was prepared in 
pyridine essentially by the method of Lehman and Basch.*4 A weighed tube of the complex 
was broken and allowed to fall into the Grignard solution under nitrogen, and the gas evolution 
measured. It would have been more satisfactory to add a solution of the complex in pyridine 
to the Grignard solution, but this would have rendered the apparatus much more complex. 


The author thanks Professor R. S. Nyholm, F.R.S., for advice and encouragement, Dr. A. 
Earnshaw for carrying out the temperature-susceptibility measurements, the glass-blowing staff 
of the Laboratories for their help, and the Medical Research Council for a Fellowship. 
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784. Organic Fluorine Compounds. Part XXV.* Further 
Reaction of Aldehydes with Diethyl Fluoro-oxaloacetate. 


By Ernst D. BERGMANN and I. SHAHAK. 


Under certain conditions, aldehydes and diethyl fluoro-oxaloacetate 
give substituted 2-fluoroalk-2-enoic acids directly. However, phenyl- 
acetaldehyde gives a By-unsaturated acid. The product from 2-methyl-3- 
oxopentanal has been converted into 4-fluoro-2,6-dimethylresorcinol, that 
from o-acetoxybenzaldehyde into 3-fluorocoumarin. 

Diethylfluoro-oxaloacetate reacts with primary and secondary amines, the 
keto-group being replaced by two amino-groups. 


THE reaction of diethyl sodiofluoro-oxaloacetate with aliphatic aldehydes has recently 
been described.4? If the condensation is followed by treatment with aqueous alkali, 
2-fluoroalk-2-enoic acids are obtained: * 


R*CHO + EtO,C*CO*CHF*CO,Et ——t EtO,C*CO,H + R*CH=CF*CO,H,+ EtOH 


As the product obtained from the sodio-enolate of ethyl fluoroacetate 4 and diethyl oxalate 5 
can be used, without isolation, for the condensation, the reaction represents in fact 
condensation of the aldehydes with a protected form of ethyl fluoroacetate. The direct 


* Part XXIV, Bergmann and Shahak, Chem. and Ind., 1961, 591. 
1 Bergmann and Shahak, J., 1960, 5261. 
* Gault, Rougé, and Gordon, Compt. rend., 1960, 250, 1073. 
% Cf. the preparation of 2-chloronon-2-enoic acid by Gault and Ritter (Compt. rend., 1948, 226, 816). 
* Bergmann and Szinai, J., 1956, 1521. 
®° Bergmann and Shahak, /., 1960, 3225. 
6 Q 
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condensation of aromatic aldehydes with ethyl fluoroacetate has been described before ® 
but the yields were not satisfactory. The method now described proceeds in a single step 
and gives reasonable yields; the reaction is easy to carry out, and only in the case of 
formaldehyde are some precautions necessary because of the easy polymerisation of 
ethyl «-fluoroacrylate. 

The following aldehydes have been studied, in addition to heptaldehyde:! butyr- 
aldehyde, isobutyraldehyde, butyl glyoxylate, 2-methyl-3-oxopentanal, benzaldehyde, 
p-tolualdehyde, -chlorobenzaldehyde, 0-acetoxybenzaldehyde (the acetoxy-group under- 
goes hydrolysis), phenylacetaldehyde, and 2- and 3-formylpyridine. The spectra showed 
that the compounds had the expected structures: whilst «-fluorocrotonic acid and 
2-fluoro-4-methylpent-2-enoic acid showed no selective absorption above 210 my, intro- 
duction of higher alkyl groups into the @-position caused a bathochromic shift: 2-fluoro- 
hex-2-enoic acid absorbed at 214 and ethyl 2-fluoronon-2-enoate at 223 my. Fluoro- 
fumaric acid absorbed at 217 my (to be compared with fumaric acid at 210 my. *) and ethyl 
a-fluoro-2-hydroxycinnamate at 260, 264, and 324 my («-fluorocinnamic acid has been 
reported ® to exhibit bands at 226 and 262 my). An exception has been observed for the 
product obtained from phenylacetaldehyde; it absorbs at 292 my (< 450), 7.e., at about the 
same wavelength as styrene® (282 my, < 450) and is, therefore, the ®y-unsaturated 
ester CHPh:CH-CHF-CO,Et. The same phenomenon has been observed in the condens- 
ation of phenylacetaldehyde and malonic acid.1®™ 

«-Fluoro-2-hydroxycinnamic acid, formed from o-acetoxybenzaldehyde, is cyclised by 
hydrogen chloride in boiling glacial acetic acid to 3-fluorocoumarin which showed the 
lactone-carbonyl band at 1724 and the C:C absorption at 1613 cm.*. 

A similar cyclisation was observed on condensation of 2-methyl-3-oxopentanal, 
Et-CO-CHMe-CHO, in ethanol. In addition to the normal product, ethyl 2-fluoro-4- 
methyl-5-oxohept-2-enoate, a product, C,H,FO,, was obtained which no longer con- 
tained a carbonyl group but showed a strong, broad hydroxyl band and an aromatic 
ultraviolet spectrum (Amax, 278 and 282 my). As the hydroxyl groups were phenolic, the 
product is assumed to be 4-fluoro-2,6-dimethylresorcinol : 


CH2Me Me 
a Me 
oc CO,Et sai ‘es a ~ ey 
MeHC af F M F 

‘cf Me bd 
Resorcinol absorbs at 274 my.!2 The only analogy to this somewhat surprising reaction 
appears to be the indirect formation of 5-butylresorcinol from diethyl 2-butyl-4-oxopent- 
2-ene-1,1-dicarboxylate # which is a 3-keto-ester like the above compound. 

In order to prove finally the structure of the. acids and esters obtained, the observation 
of Gault and Ritter * was utilised that 6-substituted «-chloroacrylic acids are hydrolysed 
to the corresponding pyruvic acids: R*CH°CCl‘*CO,H —» R-CH,°CO-CO,H. Indeed, 
boiling alcoholic alkali converted ethyl «-fluorocrotonate into «-oxobutyric acid, and 
2-fluorohex-2-enoic into 2-oxohexanoic acid (the two liquid products were identified as 


known crystalline derivatives). 
Diethyl oxaloacetate with aliphatic primary and secondary amines gives adducts which 


Bergmann and Schwarcz, J., 1956, 1524. 

Ley and Wingchen, Ber., 1934, 67, 501. 
Bergmann and Schwarcz, J., 1956, 1524. 

Braude, Ann. Reports, 1945, 42, 105. 

10 Vorlaender and Straack, Annalen, 1906, 345, 244. 
1 Fichter, J. prakt. Chem., 1906, 74, 297, 339. 

12 Hodgson, J., 1943, 380; cf. Kiss, Molnar, and Sandorfy, Bull. Soc. chim. France, 1949, 16, 275. 
13 Anker and Cook, /., 1945, 311. 

1 Bergmann, Ginsburg, and Pappo, ‘‘ Organic Reactions,” 1959, Vol. X, 254. 
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have not been characterised and decompose to a self-condensation product of the keto- 
ester; © and with aniline it gives the anil and at higher temperature «-phenylimino- 
succinanil 1° or ethyl 4-hydroxyquinoline-2-carboxylate.!?7 However, diethyl fluoro-oxalo- 
acetate reacts differently with primary or secondary amines: the keto-group is replaced 
by two substituted nitrogen atoms: 


EtO,C*CO*CHF*CO,Et ——t EtO,C*C(NRR’)g*CHF*CO,Et (R = alkyl or aryl, R’ = H or alkyl) 


The structure of the products is supported by the following observations: Hydrolysis with 
acid gives the amine hydrochloride and fluoropyruvic acid (which is formed from fluoro- 
oxaloacetic acid under acid conditions).1* Treatment with acetic anhydride affords two 
mol. of the acetyl derivative of the amine and diethyl] «-acetyl-«-fluoro-oxaloacetate; it 
may be that this acylation takes place at the enamine stage, thus: !* 2° 


EtO,C-*C(NRR’)*CHF*CO,Et ——t EtO,C-C(NRR’):CHF*CO,Et 
EtO,C*C(NRR’)(OAc)*CFAc*CO,Et ——te EtO,C*CO*CFAc*CO,Et + NRR’Ac 


EXPERIMENTAL 


Condensation of Diethyl Oxalofiuoroacetate with Aldehydes.—General procedure. (a) To a 
suspension of sodium hydride (2-4 g., 0-1 mole) in xylene (100 ml.), a few drops of anhydrous 
ethanol, diethyl oxalate (16 g.), and a solution of ethyl fluoroacetate (10-6 g.) in xylene (15 ml.) 
were added successively at 40—50° with stirring. Within 1 hr. the temperature was raised to 
70°, then the ethanol formed was distilled off through a column at 30 mm. (until the b. p. of 
xylene was reached). A small quantity (10 ml.) of xylene was distilled off, and after 30 min. 
the aldehyde (0-1 mole), dissolved in xylene (30 ml.), was added. When the (usually exothermic) 
reaction had subsided, the mixture was refluxed for 15 min. and poured into water (500 ml.). 
The xylene layer was washed with 5% sodium carbonate solution (100 ml.) and water (100 ml.), 
dried, and concentrated. When appropriate, the residual ethyl §-alkyl-«-fluoroacrylate was 
fractionated through a column; when its b. p. was too near that of the other products (diethyl 
oxalate, diethyl «-fluoro-«-fluoroacetyloxaloacetate 5), the residue was hydrolysed to the free 
acid as follows: Ethanol (50 ml.) and then 25% aqueous potassium hydroxide were added so 
that the temperature did not rise above 50°, and until the liquid remained alkaline for 30 min. 
Water (20 ml.) was added and the ethanol evaporated im vacuo; the aqueous solution was 
acidified with concentrated hydrochloric acid (30 ml.). Solid acids were filtered off and purified ; 
liquid acids were extracted with benzene (which extracts hardly any oxalic or fluoroacetic acid) 
and re-esterified azeotropically with anhydrous ethanol and benzene in the presence of a little 
toluene-p-sulphonic acid; the solution of the ester was washed with sodium hydrogen carbonate 
solution, dried, and distilled. 

(b) (Cf. Rougé and Gault.*4) A mixture of sodium ethoxide solution (from 4-6 g., 0-2 g.-atom, 
of sodium), diethyl oxalate (30 g.), and ethyl fluoroacetate (21-2 g.) was kept at room tem- 
perature for 12 hr. in a closed flask and, after addition of the aldehyde (0-2 mole), refluxed for 
45min. The alcohol was distilled off (if necessary, through a column), and the residue taken up 
in dilute hydrochloric acid and benzene. The benzene solution was washed with 5% sodium 
carbonate solution, dried, and distilled. 

Products. The following were prepared: 

2-Fluorohex-2-enoic acid [from butyraldehyde; (a) 66%; (b) 35%], b. p. 84°/1 mm. (Found: 
C, 54-6; H, 6-9; F, 14-2. C,H,FO, requires C, 54-5; H, 6-8; F, 14-4%),,Amax, 214 my (ce 4-15) 
in EtOH. 

2-Fluoro-4-methylpent-2-enoic acid (from isobutyraldehyde; 70%), b. p. 80°/1 mm. (Found: 
C, 54-3; H, 7-0; F, 14:0%). The derived benzylisothiouronium salt melted at 171°; the free 





15 Claisen and Hori, Ber., 1891, 24, 120; Wislicenus and Beckh, Annalen, 1903, 295, 339. 
§ Wislicenus and Spiro, Ber., 1889, 22, 3348. 

17 Riegel, J. Amer. Chem. Soc., 1946, 68, 2685; cf. Halberkann, Ber., 1921, 54, 3090. 

18 Blank, Mager, and Bergmann, /J., 1955, 2190. 

19 Stock, Terrell, and Szmuszkovicz, ]. Amer. Chem. Soc., 1954, 76, 2009. 

20 Benary and his co-workers, Ber., 1909, 42, 3915; 1917, 50, 65; 1922, 55, 3417. 

*1 Rougé and Gault, Compt. rend., 1960, 251, 95. 
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acid showed no selective absorption above 210 my in ethanol. The ethyl ester had b. p. 78— 
80°/35 mm. (Found: F, 12-0. C,H,,FO, requires F, 119%), vmax. (film) 1724 (CO), 1668 (C:C), 
1110 (;CF) cm... 

4-Butyl 1-ethyl 2-fluorofumarate (from butyl glyoxylate); 75%, b. p. 100—102°/2 mm. 
(Found: C, 55-2; H, 6-8; F, 8-5. C,)9H,;FO, requires C, 55-0; H, 6-9; F, 8-7%). Butyl 
glyoxylate, prepared in analogy to diethyl glyoxylate, from dibutyl tartrate (yield, 71%), had 
b. p. 70—72°/2-5 mm. 

Fluorofumaric acid 3 was obtained from the butyl ethyl ester by hydrolysis with hydro- 
chloric acid in acetic acid. It was insoluble in all organic solvents except alcohols and sublimed 
(transformation into fluoromaleic anhydride?) without melting. It had A,,, 217 my (e 2-68) 
in EtOH, vmx (in KBr) 3448 (OH), 1724 (CO) cm. (Found: C, 36-5; H, 2-5; F, 14-0. Calc. 
for C,H;FO,: C, 35-8; H, 2:2; F, 142%). 

Ethyl 2-fluoro-4-methyl-5-oxohept-2-enoate (from 2-methyl-3-oxopentanal; ** 60%), b. p. 
110—111°/2 mm. (Found: C, 59-0; H, 7-4; F, 9-0. C,)H,;FO, requires C, 59-4; H, 7-4; 
F, 9°4%), Amax. (in EtOH) 256 my (ce 3-71), vmax. (film) 1754 (CO), 1642 (C:C), 1110 ({;CF), 1026 
(C-F) cm.7}. 

When this reaction was carried out in ethanol, only two-thirds of the product consisted of 
this ester; it was accompanied by a crystalline product which, recrystallized from benzene, 
melted at 98—99°. Its analysis and spectrum indicated that it was 4-fluoro-2,6-dimethyl- 
resorcinol (diazomethane caused methylation) (Found: C, 61-4; H, 5-6; F, 11-8. Calc. for 
C,H,FO,: C, 61-6; H, 5-7; F, 12-2%); it had vygx (in KBr) 3300—3400 (broad, OH), 1110 
({CF), 1020 (C—F) cm.~, and Aggy, (in EtOH) 278 (ce 3-38), 282 my (¢ 3-40). Further, when ethyl 
2-fluoro-4-methyl-5-oxohept-2-enoate (2 g.) was kept at room temperature with a solution from 
sodium (0-5 g.) in anhydrous ethanol (30 ml.) for 1 hr. and the solution was acidified with hydro- 
chloric acid and evaporated in vacuo to dryness, and the residue extracted twice with boil- 
ing benzene (50 ml.), concentration of the extract and cooling gave the same resorcinol derivative 
(1-5 g.), m. p. 98—99°. 

Ethyl «-fluorocinnamate (from benzaldehyde; 68%), b. p. 120—122°/30 mm. (lit.,2° 142— 
143°/20 mm.) (Found: C, 68-0; H, 5-9; F, 9-9. C,,H,,FO, requires C, 68-0; H, 5-7; F, 9-8%). 
Hydrolysis gave «-fluorocinnamic acid, m. p. 157°.® 

Ethyl «-fluoro-4-methylcinnamate (from p-tolualdehyde; 65%), b. p. 111—113°/3 mm. 
(Found: C, 69-0; H, 6-0; F, 9-0. C,,H,,FO, requires C, 69-3; H, 6-2; F, 9-2%). 

Ethyl 4-chloro-«-fluorocinnamate (from p-chlorobenzaldehyde; 74%), b. p. 122—123°/3 mm. 
(Found: Cl, 15-7; F, 8-0. C,,H,CIFO, requires Cl, 15-5; F, 8-3%). 

a-Fluoro-2-hydroxycinnamic acid (from o-acetoxybenzaldehyde,** 61%), m. p. 200° (sublim- 
ation) (from water) (Found: C, 59-4; H, 3-6; F, 10-1. C,H,FO, requires C, 59-3; H, 3-8; 
F, 10-4%), Amax. (in EtOH) 260 (e 3-20), 264 (¢ 4-20); 324 my (ce 3-79), vax (in KBr) 3448 (OH), 
1668 (CO), 1613 (CC), 1130 ({;CF), 1053 (C-F) cm.71. 

Ethyl 2-fluoro-4-phenylbut-3-enoate (from freshly distilled phenylacetaldehyde; 63%), b. p. 
120—121°/1 mm. (Found: F, 9-3. (C,,.H,,;FO, requires F, 9-2%), Amax, (in EtOH) 292 mu 
(¢ 2-65), Vmax. (film) 1724 (CO), 1668 (C:C), 1042 (C-F) cm.7}. 

Ethyl «-fluoro-8-2-pyridylacrylate (from 2-formylpyridine; 35%), b. p. 118—120°/4 mm. 
(Found: N, 7:2; F, 9-6. C,9H,)FNO, requires N, 7-2; F, 9-4%). 

Ethyl «-fluoro-8-3-pyridylacrylate (from 3-formylpyridine; 40%), b. p. 120—122°/4 mm. 
(Found: N, 7-3; F, 90%). 

3-Fluorocoumarin.—x«-Fluoro-2-hydroxycinnamic acid (3-5 g.) was refluxed for 3 hr. with a 
mixture of concentrated hydrochloric acid (5 ml.) and acetic acid (15 g.). The solution was 
evaporated and the residue treated with 5% sodium hydrogen carbonate solution, dried, and 
recrystallised from benzene. The product (0-5 g., 15%) melted at 148° (Found: C, 65-5; H, 3-2; 
F, 11-5. C,H,FO, requires C, 65-8; H, 3-1; F, 11-6%) and had y,,,, (in KBr) 1724 (lactone), 

1613 (C:C), 1460, 1310, 1165, 1100 (C—F), 930, 760 (ovtho-substituted benzene) cm.1. From the 
alkaline washings, «-fluoro-2-hydroxycinnamic acid (1-5 g., 43%) was recovered by acidification. 

22 Criegee, Ber., 1931, 64, 260. 

23 Martius, Annalen, 1948, 561, 217 (no physical constants given); cf. Middleton and Sharkey, /. 
Amer. Chem. Soc., 1959, $1, 803. 

24 Claisen and Meyerowitz, Ber., 1889, 22, 3273. 

*> Sterlin, Yatsenko, and Knunyants, Khim. Nauka i Prom., 1958, 3, 580, Chem. Abs., 1959, 58, 


4194. 
26 Malkin and Nierenstein, 7. Amer. Chem. Soc., 1931, 58, 239. 
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Ethyl «-Fluoroacrylate.2—To the enolate of diethyl fluoro-oxaloacetate (prepared as above; 
0-2 mole), dry paraformaldehyde (6 g.) was added and the mixture refluxed for 10 min. After 
addition of quinol (1 g.), the product was distilled through a column; the fraction of b. p. 
78—95° was redistilled. The ester (11 g., 45%) boiled at 82—84°; it polymerised very easily 
(Found: C, 51-2; H, 6-3; F, 15-6. Calc. for C;SH,FO,: C, 50-9; H, 5-9; F, 16-1%). 

Ethyl «-Fluorocrotonate.—In this case, because of the low b. p. of the product, tetrahydro- 
furan or ethanol is used as reaction medium. 

(a) Ethyl oxalate (32 g.) and ethyl fluoroacetate (1 g.) were added with stirring to a sus- 
pension of sodium hydride (4-8 g.) in tetrahydrofuran (100 ml.). When the reaction had been 
initiated by refluxing, the balance of the fluorinated ester (20-2 g.) was slowly added at 40—45° 
and the whole heated for 3 hr. at 60°. Then freshly distilled acetaldehyde (9 g.) was added at 0° 
and the mixture brought slowly to the b. p. at which it was maintained for 1 hr.; then it was 
poured into water (400 ml.) and extracted with methylene chloride (100 ml.). The organic 
layer was washed with 5% sodium carbonate solution (100 ml.) and water (100 ml.), dried, and 
distilled. The ester (15 g., 61%) boiled at 134—136° (Found: C, 54-6; H, 7-0; F, 14:1. 
C,H,FO, requires C, 54-5; H, 6-8; F, 14-4%). 

(6) Reaction in ethanol gave a 40% yield of ethyl «-fluorocrotonate. 

Hydrolysis of the ester gave «-fluorocrotonic acid which, sublimed at 80—90°/5 mm. and 
recrystallised from light petroleum (b. p. 40—60°), had m. p. 111—112° (Found: F, 18-9. 
C,H,;FO, requires F, 18-3%), no selective absorption above 210 my (in ethanol), vax. (in KBr) 
3030—2857 (associated OH), 1668 (CO), 1162 ({CF), 1075 (C-F) cm."}. 

a-Oxobutyric Acid.—A solution of ethyl «-fluorocrotonate (10-5 g.) and potassium hydroxide 
(9 g.) in ethanol (70 ml.) was refluxed for 1 hr. Most of the solvent was distilled off in vacuo 
and the residue taken up in water (20 ml.), treated with concentrated hydrochloric acid (20 ml.), 
and extracted with ether. The acid (6-5 g., 80%) boiled at 84° and melted at 30°. It was 
identified as the p-nitrophenylhydrazone,”’ m. p. 192°. 

a-Oxohexanoic Acid.—A solution of 2-fluorohex-2-enoic acid (10-5 g.) and potassium 
hydroxide (9 g.) in ethanol (80 ml.) was refluxed for 1 hr. and worked up as above. The acid 
(7-5 g., 80%) boiled at 93—95°/6 mm.; its oxime 78 melted at 140°. 

Reactions with Amines.—The amine (0-21 mole) in toluene (50 ml.) was added to a solution 
of freshly distilled diethyl fluoro-oxaloacetate * 2° (20-6 g., 0-1 mole) in toluene (50 ml.), with 
cooling to check the exothermic reaction. The solution was kept for 30 min. at room tem- 
perature. If the products proved to be oils, the toluene was removed in vacuo at >65°. The 
yellowish oily products could not be distilled, but gave correct analytical figures. 

For hydrolysis, the product was heated with concentrated hydrochloric acid (50 ml.), with 
stirring, until a homogeneous solution resulted, which was diluted with water (100 ml.) and 
divided into two parts: 

(a) Addition of 2,4-dinitrophenylhydrazine reagent gave the 2,4-dinitrophenylhydrazone 
of fluoropyruvic acid.4® (b) The solution was made alkaline with concentrated potassium 
hydroxide solution, and the amine distilled off into aqueous picric acid. The picrates were 
compared with authentic specimens. Alternatively, the amines were absorbed in a known 
quantity of hydrochloric acid, and the excess of the acid was titrated. Thus, it could be shown 
in every case that 2 moles of amine had reacted with 1 mole of diethyl fluoro-oxaloacetate. 

If the condensation products were solid, they were filtered off and recrystallised (see below). 
The hydrolysis was carried out as for the oily products. 

(1) Piperidine. The piperidine recovered from the reaction with 0-1 mole of the keto-ester 
amounted to 0-18 mole (15-5 g.); its picrate had m. p. and mixed m. p. 151—152°. 

(2) Diethylamine. Recovery 0-16 mole (12 g.); picrate, m. p. and mixed m. p. 155°. 

(3) Butylamine. Recovery 0-19 mole (13-5 g.); picrate, m. p. 151°, mixed m. p. 149°. 

(4) Methylaniline. Recovery 0-2 mole (20-5 g.); acetyl derivative, m. p. and mixed m. p. 
104°. In this case, the amine was not distilled off, but was extracted from the alkaline solution. 

Reaction of the Amine Condensation Products with Acetic Anhydride.—A solution of the oily 
product in toluene (50 ml.) was refluxed for 3 hr. with acetic anhydride (30 ml.), and the toluene 
and the acetic acid were removed at 30 mm. In the case of the methylaniline product, the 
acetyl derivative of the base, m. p. 103°, was filtered off and the remainder distilled; in the 

27 Tschelinzeff and Schmidt, Ber., 1929, 62, 2210; White, J., 1943, 238. 

28 Barré, Ann. chim. 1928, 9, 253. 

29 Blank, Mager, and Bergmann, Bull. Res. Council Israel, 1953, 3, 101. 
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other cases, the acetyl derivatives were isolated by fractionation. In all cases, diethyl «-acetyl- 
«-fluoro-oxaloacetate,> b. p. 105—107°/1 mm. (Found: fF, 7:6; OEt, 36-0. Calc. for 
C,9H,,FO,: F, 7:7; OEt, 36-3%), was isolated. The acetyl derivatives obtained (from 0-1 mole 
of diethyl fluoro-oxaloacetate) were: 1-acetylpiperidine *° (25 g.), b. p. 79—80°/2 mm. (Found: 
C, 66-2; H, 10-7; N, 10-6. Calc. for C,H,,NO: C, 66-1; H, 10-2; N, 11:0%). NN-Diethyl- 
acetamide (22 g.), b. p. 80—82°/30 mm. (Found: C, 68-5; H, 12-2; N, 12-9. Calc. forC,H,,NO: 
C, 68-6; H, 12-4; N, 13:3%). N-Butylacetamide (22 g.), b. p. 86—88°/30 mm. (Found: 
C, 68-6; H, 12-4; N, 13-3. Calc. for CgH,,NO: C, 68-6; H, 12-4; N, 13-3%). 

Diethyl a-Fluoro-«’a’-di-(2-naphthylamino)succinate.—2-Naphthylamine (28-9 g.) was re- 
fluxed with diethyl fluoro-oxaloacetate (10-6 g.) in benzene (100 ml.) for 30 min., filtered, and 
diluted with light petroleum (b. p. 40—60°). The product was filtered off and recrystallised 
from cyclohexane or benzene-light petroleum; it had m. p. 74° (Found: C, 70-3; H, 6-0; 
F, 4-2; N, 6-1; OEt, 18-5. C,,H,,FN,O, requires C, 70-9; H, 5-7; F, 4:0; N, 5-9; OEt, 
18-8%). Hydrolysis with hydrochloric acid gave 8-naphthylamine hydrochloride, m. p. 264°, 
and fluoropyruvic acid, identified as 2,4-dinitrophenylhydrazone; treatment of the amine 
salt with acetic anhydride gave N-acetyl-2-naphthylamine,*! m. p. 136°. 

Diethyl «'«’-Di-p-bromoanilino-a-fluorosuccinate was obtained analogously, by using p-bromo- 
aniline (36 g.).  Recrystallised from cyclohexane, it melted at 61—62° (Found: C, 44-8; H, 4-0; 
F, 3-9; N, 5-1. C, 9H,,Br,FN,O, requires C, 45-1; H, 3-9; F, 3-6; N, 5-3%). 


This study has been carried out under a grant of the U.S. National Institutes of Health. 


DEPARTMENT OF ORGANIC CHEMISTRY, HEBREW UNIVERSITY, 
JERUSALEM, ISRAEL. [Received, January 30th, 1961.} 


30 Staudinger and Schneider, Ber., 1923, 56, 704. 
31 Pawlewski, Ber., 1902, 35, 112. 





785. The Alkaloids of the Amaryllidaceae. Part IX.* Racemis- 
ation of Buphanitine (Nerbowdine) during Oppenauer Oxidations. 


By A. Goosen, E. V. O. Joun, F. L. WARREN, and K. C. YATEs. 


Buphanitine (nerbowdine) and arv-demethoxybuphanitine (av-demethoxy- 
nerbowdine) on Oppenauer oxidation give powellenone and crinenone, respec- 
tively, which racemise. The racemisation of the unsaturated 8-amino- 
ketones, which also occurs on quaternisation, is discussed. These rearrange- 
ments invalidate the B/c-ring fusion previously reported for buphanitine. 


BUPHANITINE, isolated by Tutin in 1910,1 was later characterised fully ? and assigned 
an ethanophenanthridine structure with rings B/c cis-fused.* In an effort to establish 
the absolute configuration we prepared ‘‘ buphanitanone methine ”’ which, contrary to 
expectation, was optically inactive, whereas powellanone methine was optically active. 
This observation and further investigations have now shown that the product from the 
Oppenauer oxidation, namely, ‘‘ buphanitenone,”’ is racemic powellenone and that racemis- 
ation had occurred during this reaction. The conclusion advanced previously concerning 
the ring fusion is invalid and buphanitine is powellane-1,3-diol (I). 

Wildman and his collaborators recently isolated nerbowdine * which they showed was 
powellane-1,3-diol ® and, from a comparison with samples sent by us, was identical with 
buphanitine.® 

The infrared spectra of ‘‘ buphanitenone ’’’ and powellenone in the solid state were 


* Part VIII, J., 1960, 1097. 


1 Tutin, J., 1910, 1240. 

2? Goosen and Warren, (a) Chem. and Ind., 1957, 267; (b) J., 1960, 1094. 

3 Goosen and Warren, J., 1960, 1097. 

4 Lyle, Kielar, Crowder, and Wildman, J. Amer. Chem. Soc., 1960, 82, 2620. 

5 Wildman and Manske, “‘ The Alkaloids,’’ Academic Press, London, 1960, Vol. VI, p. 362; Jeffs, 
Warren, and Wright, J., 1960, 1090; Fales and Wildman, J]. Amer. Chem. Soc., 1960, 82, 3268. 

®§ Wildman, personal communication. 
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different, whilst the spectra of these substances in chloroform solution were identical. 
This is to be expected if “ buphanitenone ” is racemic powellenone [equimolecular mixture 
of (II) and (IV), R = OMe], and excludes the alternative explanation of inversion at 
position 4a to give the cis-B/c ring structure. 

The Oppenauer oxidation is envisaged as proceeding by way of powellenone (II; 
R = OMe), and then the nitrogen ring opens to give an intermediate (III; R = OMe, 
R’ = H) which can cyclise again at C44) to give powellenone (II; R = OMe) and at Cy) 
to give the enantiomorph of powellenone (IV; R = OMe), resulting in the formation 
of the racemic compound. In both cases the trans ring-B/c is formed. 


HO OH ; fe) 
a R ; 
Clik * " 
(1) 
oO te) 
oO Ns Me = 
(V) 





“Me 
(V1) (IV) 


This mechanism was confirmed when heating powellenone’? (II; R= OMe) with 
aluminium isopropoxide in cyclohexanone gave the racemate. Wildman? has shown an 
interesting transannular equilibrium between crinanone methine (V) and the quaternary 
ion (VI) which was influenced by dilution and pH of the solution. Following this lead 
we have found that powellenone methiodide, m. p. 266—267°, on repeated crystallisation 
gave the racemic methiodide, m. p. 243°, which was identical with (+-)-powellenone methine 
hydriodide. Accordingly “‘ buphanitenone ”’ (reported * with positive rotation and now 
found to have [a], 0°), “ buphanitanone,” “‘ buphanitane,” “‘ «- and $-buphanitanol ”’ are 
racemic modifications of the corresponding substituted powellanes. 

In a similar series of experiments arv-demethoxybuphanitine (ar-demethoxynerbowdine) 
(I; R =H) has now been oxidised to racemic crinenone [equimolecular mixture of (II) 
and (IV), R = H], m. p. 172—173°, whose infrared spectrum in chloroform solution was 
identical with that of (—)-crinenorie,? m. p. 184°, [«],, —300°, whilst in Nujol the spectra 
were different. Further, racemic crinenone methiodide gave a methine (III; R =H, 
R’ = Me) identical with that from crinenone. 

The ease with which the nitrogen-carbon bond is broken and re-formed is of significance 
in that the 5,10b-ethanophenanthridine alkaloids are known to occur as modifications of 
both enantiomorphic forms, and the biosynthetic route envisaged in Barton and Cohen’s 8 
theory involves this ring closure. 

In working up more material for these studies it has been possible to demonstrate the 
presence in B. disticha of the minor alkaloids, crinine, powelline, and ambelline (trace), 
in addition to those previously reported.” 


EXPERIMENTAL 


Optical rotations refer to chloroform solutions. 

Extraction.—The extraction procedure used was the same as in a previous report.”” The 
acetone mother-liquors from the separation of buphanitine (nerbowdine) gave a gum which 

7 Wildman, J]. Amer. Chem. Soc., 1958, 80, 2567. 


* Barton and Cohen, “ Festschrift Arthur Stoll,” Birkhauser, Basle, 1957, p. 122; Barton and 
Kirby, Proc. Chem. Soc., 1960, 392. 
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was chromatographed in chloroform over alumina. Elution of the column with chloroform 
gave buphanamine,”” ambelline, m. p. 265—267° (Found: C, 65-5; H, 6-5; OMe, 18-9%; 
M, 328. Calc. for Cy,H,,NO;: C, 65-2; H, 6-4; OMe, 18-7%; M, 331), crinine, m. p. 210— 
213° (Found: C, 70-7; H, 6-3. Calc. for C,,H,,NO,: C, 70-8; H, 6-3%), and powelline, m. p. 
199—201° (Found: C, 67-8; H, 6-3. Calc. for C,,H,,NO,: C, 67-8; H, 6-4%). 

Ambelline formed a hydrochloride, m. p. 230° (decomp.) (Found: C, 57-0; H, 6-4. Calc. 
for C,,H,,CINO,,4H,O: C, 57-3; H, 6-1%), a perchlorate, m. p. 200—202° (Found: C, 49-9; 
H, 5-1. Calc. for C,gH,,CINO,: C, 49-8; H, 5-3%), a methiodide, m. p. 295—298° (decomp.) 
(Found: C, 48-4; H, 5-3. Calc. for C,,H,,INO;: C, 48-2; H, 5-1%), and a monoacetate 
which, distilled at 120°/0-01 mm., gave a glass (Found: C, 64-1; H, 6-2. Calc. for C,)H,,NO,: 
C, 64-3; H, 62%). Ambelline was hydrogenated over palladium-—charcoal to dihydroambelline, 
m. p. 192—197° (Found: C, 64-6; H, 6-9. Calc. for C,,H,,;NO;: C, 64-85; H, 6-95%). 

The physical properties are in agreement with those recorded for ambelline,® crinine,> and 
powelline.® 

(+)-Powellanone Methiodide.—(+)-Powellanone (450 mg.), methanol (20 ml.), and methyl 
iodide (2 ml.) were refluxed for 30 min. The product, recrystallised from methanol, gave 
(+)-powellanone methiodide (500 mg.) as needles, m. p. 290—293° (decomp.) (Found: C, 48-9; 
H, 5-0. C,,H,,INO, requires C, 48-75; H, 5-0%). 

(+)-Powellanone Methine.—(+)-Powellanone methiodide (500 mg.), hot water (15 ml.), 
and 10% sodium hydroxide solution (10 ml.) were heated on a water-bath for 10 min. and 
then extracted withether. After each extraction the mixture was again heated and re-extracted, 
the process being repeated five times. The combined ether extracts, when washed with water 
and dried, gave a gum (150 mg.), {], +0° (c 1). The infrared spectrum (in Nujol) showed a 
strong band at 1663 cm.}. The gum (150 mg.) in benzene was chromatographed on alumina 
(5 g.). Elution with 1:19 methanol-chloroform yielded a yellow gum (70 mg.), [aj, +0° 
(c 1). The addition of picric acid gave (+)-powellanone methine picrate which recrystallised 
from ethanol as yellow needles (64 mg.), m. p. 230—232°, [a],, +0° (¢ 1), Vmax, 1663s cm. (Found: 
C, 53-2; H, 4:25. C,gH,,N,O,,; requires C, 52-9; H, 4-4%). 

(—)-Powellanone Methine.—(—)-Powellanone methiodide (100 mg.) in hot water (3 ml.) 
was warmed with 10% aqueous sodium hydroxide (1-5 ml.) and worked up as above. The 
product was a gum, [a],!° + 82° (¢ 1). 

(—)-Powellenone Methiodide—(—)-Powellenone in acetone was treated with an excess of 
methyl iodide. The methiodide, recrystallised from methanol, had m. p. 266—267° (Found: 
C, 49-1; H, 4 . CysHa INO, requires C, 49-0; H, 4-7%). Repeated recrystallisations from 
methanol gave ({+)-powellenone methiodide, m. p. 243°, having an infrared spectrum identical 
with that of (+)-powellenone methiodide, m. p. 243°. 

(+)-Powellenone Methine Hydriodide.—(-+-)-Powellenone methine in methanol was treated 
with hydriodic acid, and the precipitate recrystallised from methanol to give (+)-powellenone 
methine hydriodide, m. p. 242—-243° (Found: C, 47-5; H, 5-0. C,,H, INO,,4H,O requires 
C, 47-9; H, 49%). The infrared spectrum was identical with that of (+)-powellenone 
methiodide, m. p. 243°. 

Rearrangement of (—)-Powellenone.—(—)-Powellenone (100 mg.), aluminium isopropoxide 
(600 mg.), and cyclohexanone (10 ml.) were heated under reflux in nitrogen for 18 hr., then 
treated with aqueous sodium hydroxide and extracted with chloroform. The chloroform solution 
was extracted with 2N-hydrochloric acid. The acid extract was washed with chloroform, 
basified, and extracted with chloroform. This chloroform extract gave a gum which, when 
chromatographed with chloroform on alumina and crystallised from ether, gave (-+-)-powellenone, 
m. p. 184°, [a],,2° +0° (c 0-36), Vmax. (in Nujol) 823, 807, 780, and 730 cm.", identical with an 
authentic specimen. The solid-state infrared spectrum of (—)-powellenone had bands at 
828, 775, and 738 cm."}. 

(+)-Crinenone.—ar-Demethoxybuphanitine was oxidised with boiling cyclohexanone in the 
presence of aluminium isopropoxide. The product crystallised from ether to give (+)-crinenone, 
as needles, m. p. 172—173°, [a),, 0° (c 1) (Found: C, 71-3; H, 5-6. C,,H,;NO, requires C, 71-4; 
H, 5-6%), Vmax. (in Nujol) 1240, 1222, 926, 770 cm."!, which differed from those of (—)-crinenone 
(1235, 943, 781, and 778 cm.~}). 

(+)-Crinenone Methiodide.—(-+)-Crinenone in methanol was treated with methyl iodide. 
The methiodide crystallised from methanol as rhombohedra, m. p. 300° (decomp.) (Found: 
C, 49-2; H, 4-3. C,,H,,INO, requires C, 49-6; H, 4-4%). 
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(+)-Crinenone Methine.—(-+-)-Crinenone methiodide was treated with sodium hydroxide 
and extracted with benzene. The product, crystallised from ether, gave the methine as needles, 
m. p. 120°, which when recrystallised after seeding with crinenone methine, m. p. 125—127°, 
had m. p. 125—127°. The solid-state infrared spectrum of the crystals, m. p. 120°, differed 
from the spectra of crinenone methine and the crystals, m. p. 125—-127°, which were identical. 
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786. <A Search for New Trypanocides. Part VI.* Amidino- 
phenyldiazoamino-quinolinium and -quinazolinium Salts. 


By S. S. BErRc. 


m- and p-Amidinobenzenediazonium chlorides couple with 4,6-diamino- 
quinolinium and 4,6-diaminoquinazolinium salts to give stable diazoamino- 
compounds which have significant trypanocidal and babesicidal activity. 


THE high trypanocidal activity of isometamidium [I; R = m-C(‘NH)-NH,] and its positional 
isomer [I; R = p-C(°NH)*NH,] has been described by Wragg e¢ al.1 and by Berg.2 These 
compounds were prepared by coupling of the appropriate amidinobenzenediazonium 
chloride with 3,8-diamino-5-ethyl-6-phenylphenanthridinium chloride. Jensch* had 
earlier reported the condensation of m- or p-amidinobenzenediazonium chloride with m- or 
p-aminobenzamidine to give the corresponding diazoamino-compounds, which were active 
against trypanosoma and babesia infections. One of these compounds was the drug 
“ Berenil.”” In view of the activity of the heterocyclic compounds described by Wragg 
et al. and Berg,” and since 4,6-diamino-quinolines (II) and -quinazolines (III) are formally 
related to m-aminobenzamidine, it was decided to prepare analogous diazoamino-com- 
pounds by coupling their quaternary salts with m- and p-amidobenzenediazonium chlorides. 

The quaternary salts (IV) used in these investigations were mentioned in various 
Patent Specifications * which claimed a series of pyrimidinium salts related to Antrycide. 
Although the preparations of the intermediate quinolinium salts were described, no details 
were given of the synthesis of the corresponding quinazolinium salts. 

The basic intermediates required for the preparation of the 4,6-diaminoquinazolinium 
salts were 4-amino-6-nitroquinazoline > (Va) and 4-amino-2-methyl-6-nitroquinazoline (Vb). 
The preparation of the chloro-nitro-derivative (Vd) from 2-methyl-6-nitro-4-quinazolone 
(VIb) ® and phosphorus pentachloride was only accomplished in poor yield. The thiol 
(Ve), however, was obtained in good yield by the reaction of the quinazolone (VIb) with 
phosphorus pentasulphide in xylene. Methylation of the thiol (Ve) in aqueous sodium 
hydroxide gave the methyl derivative (Vf), which was fused with ammonium acetate to 
give the amine (Vb). Passage of a slow stream of methylamine through a solution of the 
S-methyl compound (Vf) in dimethylformamide at 140° gave the 4-methylamino-derivative 
(Vg). The 4-ethylamino- and 4-dimethylamino-homologues were prepared similarly. 

Morley and Simpson ° failed to quaternise 4-amino-6-nitroquinazoline (Va) by prolonged 


* Part V, Davis, J., 1958, 828. 

1 Wragg, Washbourn, Brown, and Hill, Nature, 1958, 182, 1005. 
2 Berg, Nature, 1960, 188, 1107. 

3 Jensch, Arzneimittel-Forschung, 1955, 5, 634. 

‘ B.P. 634,818; 794,043; 696,692. 

5 Morley and Simpson, /J., 1948, 360. 

® Bogert and Cook, J. Amer. Chem. Soc., 1906, 28, 888. 
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boiling with methyl iodide in methanol, and obtained instead an unstable addition product. 
Attempts to quaternise the nitroamines with methyl sulphate in boiling methanol gave 
unstable addition products, which in aqueous solution were reconverted into the parent 
nitro-amine. But fusion of the nitro-amines with methyl toluene-f-sulphonate at 140°, 
or heating the components in nitrobenzene at 170°, gave the required quaternary salts 


Et Ph 
N= Ci- HCl NH, NH, NHR 
d HN | ™ HN | SN HAN | SA 
Hint CN nneninecya Dr OR +r! 
N N N 
(1) (II) (111) (ry) Me 
R ° NHR 
O,N (sn O,N | a O,N : TN 
2rR’ ZAR L +R’ 
w? N N 
Me 
(Va); R=NH), R‘=H (VIa);R=H 
(VII) 
(Vb) ; R=NH, R’=Me (VIb);R = Me 
(Vc); R=Cl, R‘=H NHR’ 
NI. S 
(Vd) ; R=Cl, R’=Me ii in ~i3 CI7, HCI 
uM 
(Ve) ; R=SH, R’=Me \ ae ’ 
(Vf) ; R=SMe, R'=Me Me 


; (VIIIa); R= m-amidino (VIIIb); R= p-amidino 
Vg) ; R = NHMe, R=Me 


(VII; R= R’ =H or Me, X~ = #-C,H,MeSO,-). Addition of ammonia to aqueous 
solutions of these salts precipitated stable bases which were converted into the quaternary 
chlorides when treated with hydrochloric acid. Catalytic reduction of the nitro-amine 
quaternary chlorides gave the corresponding diamines (IV; A = N). 

p-Aminobenzamidine monohydrochloride prepared by Crundwell’s method’? and m- 
aminobenzamidine monohydrochloride obtained by the catalytic reduction of m-nitro- 
benzamidine hydrochloride § were diazotised in hydrochloric acid solution. The coupling 
reactions were carried out by rapidly mixing the diazonium solutions with aqueous solutions 
of the appropriate quaternary salts at 5—15°, followed immediately by the addition of 
aqueous sodium acetate to render the mixture neutral to Congo Red. Addition of sodium 
chloride precipitated the crude products as chloride hydrochlorides, from which the 
desired diazoamino-compounds were obtained by crystallisation from aqueous solvents. 
When the diazoamino-compounds were warmed with 12N-sulphuric acid or cuprous 
chloride-3n-hydrochloric acid, nitrogen (1 mol.) was rapidly liberated. 

Only 6-m-amidinophenyldiazoamino-4-amino-1,2-dimethylquinolinium chloride hydro- 
chloride (as VIIIa; A = CH) had appreciable activity against Trypanosoma congolense in 
mice, but it was considerably less active than isometamidium. Activity against 
Trypanosoma rhodesiense in mice was most marked in the f-amidino-series, 6-p-amidino- 
phenyldiazoamino-4-amino-1,2-dimethylquinazolinium chloride hydrochloride (as VIIIb; 
A = N) being comparable in activity to Pentamidine. In contrast the m-amidino-series 
was more active against Babesia rodhaini in mice, most of the compounds being con- 
siderably more active than Berenil. The high activity of 6-m-amidinophenyldiazoamino-4- 
amino-1,2-dimethylquinazolinium chloride hydrochloride (as VIIIa; A=N) against 
Babesia canis in dogs has recently been"reported by Berg and Lucas.® 

7 Crundwell, J., 1956, 368. 


8 Easson and Pyman, J., 1931, 2994. 
® Berg and Lucas, Nature, 1961, 189, 64. 
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The more important biological results, kindly supplied by Messrs. J. Ford-Robertson, 
J. Hill, J. M.S. Lucas, and T. G. Mitchell, are recorded in Table 1. 


TABLE 1. Toxic and curative subcutaneous doses of amidinophenyldiazoamino-quinolinium 
(VIII; A=CH) and -quinazolinium salts (VIII; A=N) in mice infected with 
trypanosomes or babesia. 

i~. cA, 


R R’ A xH,O Organism (mg./g.) (mg./g.) Ratio 
p-C(;NH)*NH, Me H N 0 Trypanosoma rhodesiense 0-125 0-0002 625 
m-C(:NH)*NH, Me os CH 2 Trypanosoma congolense 0-25 0-00625 40 

a am ‘i ms Babesia rodhaini a 0-0014 178 

Ph o o» o» ” “ ~ 0-0023 109 

Me vs N 1-75 - - 0-15 0-0011 135 

Me Me 2-5 pi ' 0-09 0-0013 69 
EXPERIMENTAL 


4-Mercapto-2-methyl-6-nitroquinazoline.—A stirred suspension of finely powdered 2-methy]l-6- 
nitroquinazol-4-one (103 g.) and phosphorus pentasulphide (113 g.) in anhydrous xylene (2 1.) 
was refluxed for 4 hr. and then cooled to 15°. Sodium hydroxide (70 g.) in water (350 ml.) 
was added, and the mixture vigorously stirred for } hr. The aqueous layer was separated and 
acidified at 10—15° with 2N-acetic acid. The thiol was precipitated as red granules (100 g., 
90%), m. p. 246—249° (decomp.). A sample crystallised from benzene as pale red prisms, m. p. 
253—255° (decomp.) (Found: N, 18-65; S, 13-9. C,H,N,0,S requires N, 19-0; S, 14:5%). 

2-Methyl-4-methylthio-6-nitroquinazoline.—Methy] sulphate (50 ml.) was added to a stirred 
solution of 4-mercapto-2-methyl-6-nitroquinazoline (100 g.) in 0-5N-sodium hydroxide (2 1.). 
Precipitation of the product was complete after 3 hr. The solid was filtered off and washed 
successively with 0-1N-sodium hydroxide and water. Crystallisation from ethanol (4-5 1.) gave 
pink or yellow needles (66 g., 62%), m. p. 178—179°. A sample was recrystallised from light 
petroleum (b. p. 60—80°), forming pale yellow needles, m. p. 181—183° (Found: N, 17-8; S, 
13-35. C,gH,N,O,S requires N, 17-9; S, 13-6%). 

4-Amino-2-methyl-6-nitroquinazoline.—2-Methy]-4-methylthio-6-nitroquinazoline (56 g.) and 
ammonium acetate (336 g.) were fused at 190° for 0-5 hr., methanethiol then being evolved. 
After the mixture had been cooled to 20°, water (1 1.) was added and the solid filtered off and 
ground with 2N-sodium hydroxide; the mixture was refiltered, and the residue washed with 
water and crystallised from methanol. The nitro-amine (44 g., 90-5%) separated as yellow 
needles, m. p. 331—333° (Found: C, 53-15; H, 4-2; N, 27-9. C,H,N,O, requires C, 52-95; H, 
3-9; N, 27-45%). 

2-Methyl-4-methylamino-6-nitroquinazoline.—Methylamine was passed through a solution 
of 2-methyl-4-methylthio-6-nitroquinazoline (25 g.) in dimethylfornramide (150 ml.) at 140°. 
After 2 hr., the solution was cooled, and diluted with water (300 ml.), and the yellow precipitate 
filtered off. Crystallisation from ethanol gave yellow needles (23 g.; 99%), m. p. 226—227° 
(Found: N, 25-3. CyH,)N,O, requires N, 25-6%). 4-Ethylamino-, yellow needles (from 
ethanol), m. p. 222—223° (Found: C, 57-15; H, 5-7; N, 23-8. C,,H,,.N,O, requires C, 56-9; 
H, 5-2; N, 24:1%), and 4-dimethylamino-2-methyl-6-nitroquinazoline, yellow needles, m. p. 
188—189° (Found: C, 56-8; H, 5-25; N, 24-1. (C,,H,,.N,O, requires C, 56-9; H, 5-2; N, 
24-1%), were prepared similarly. 

Quaternisation of the Nitro-amines.—(a) An intimate mixture of the nitro-amine (0-1 mol.) 
and methyl toluene-p-sulphonate (0-11 mol.) was fused at 140° for 0-5 hr.; the melt solidified. 
The solid was ground and heated at 140° for a further 1 hr. After being cooled the solid was 
washed with ethanol or acetone, and the methotoluene-p-sulphonate crystallised from water. 

(b) A suspension of the nitro-amine (0-F mol.) and methyl] toluene-p-sulphonate (0-11 mol.) 
in anhydrous nitrobenzene (140 ml.) was heated at 170° for 0-5 hr. Partial solution was 
obtained before the quaternary salt separated. After the mixture had cooled to 20°, the solid 
was filtered off, washed with acetone, and treated as described below. 

Addition of the methotoluene-p-sulphonate, dissolved in boiling water (50 ml. per g.), to 
concentrated aqueous ammonia and ice, precipitated a yellow base, which was washed with 
water and ground with 2n-hydrochloric acid. The quaternary chloride was washed with 
acetone and crystallised. In this way the products listed in Table 2 were obtained. 

The 4,6-diaminoquinazolinium salts listed in Table 3 were prepared by the reduction of the 





Berg: 


A Search for New Trypanocides. 


Pari VI. 





TABLE 2. Aminonitroquinazolinium salts (VII). 
M. p. 
Yield Cryst. Cryst. (de- Found Required 
R RFR’ x (%) form from comp.) Formula (%) (% 
H H_ -SO,°C,H,Me 53 White 0-1n-HCl 335° C,,H,,.N,O,S N, 149 N, 149 
needles Ss, 8-8 S, 8-8 
H H (Cl 74:5¢ White H,O-EtOH 307— C,H,CIN,O,,4H,O N, 22-4 N, 22-45 
prisms 309° Cl, 143 Cl, 14-2 
H,O, 3-6 H,O, 3-6 
H Me #-SO,°C,H,Me 61 Yellow H,O 301° C,;H,,N,O,;S N, 142 N, 143 
plates S, 8-6 S, 8-2 
H Me Cl 83¢ White 2n-HOAc— 266— C,)H,,CIN,O,,H,OC, 43:7 C, 44-0 
needles HCl 267° H, 5-15 H, 4-8 
N, 20-4 N, 20-5 
Cl, 13:3 Cl, 13-0 
H,O, 6-5 H,O, 66 
Me Me -SO,°C,H,Me 75 Yellow H,O 266— C,,H.)N,O,S C, 536 C, 53-5 
needles 268° H, 5-1 H, 4-95 
N, 13:5 N, 13-85 
Ss, 8-3 S, 7-95 
Me Me Cl 60*¢ White EtOH 289— C,,H,,CIN,O, C, 493 C, 488 
needles 290° H, 49 H, 4-8 
N, 20-7 N, 20-7 
Cl, 128 Cl, 13-1 
Et Me #-SO,°C,H,Me 64 Brown H,O 245— —_ 
prisms 255° 
Et Me I 90 Yellow EtOH 259— C,,H,,IN,O, C, 388 C, 385 
needles 260° H, 4-4 H, 4:0 
N, 148 N, 14-95 
3 33-9 I, 33-9 
* These are the yields obtained when the methotoluene-p-sulphonates are converted into metho- 
chlorides. 
TABLE 3. Aminoquinazolinium salts (IV; A = N). 
Yield M. p. Found Required 
R R’ (%) Cryst. from (decomp.) Formula (%) %) 
H H 67 H,O-MeOH  344—346° C,H,,CIN, N, 26:65 N, 26-6 
Ci, 17-1 42+, 169 
H Me 98 H,O 319—320° C, H,,CIN,,H,O N, 23-1 N, 23.1 
Cl, 1455 Cl, 14-65 
H,O, 7:3 H,O, 7:4 
Me Me 90 H,O-EtOH 313—315° C,,H,,CIN,,1-25 N, 21-45 N, 21-45 
Cl, 13:9 Cl, 136 
H,O, 87 4H,O, 86 
TABLE 4. Salts (VIIIb; R’ = H, R” = Me). 
Yield Cryst. Cryst. 
A % form from Decomp. Formula Found (%) Required (%) 
CH* 42 Redneedles H,O-MeOH 294° C,,H.,CIN,,HCILH,O C, 51:15 C, 650-95 
H, 60 4H, 5:5 
N, 229 WN, 231 
Cl, 16-7 Cl, 16-75 
H,O, 40 H,O 4-25 
N 41 Orange 2n-HOAc-HCI 257—260° C,,H,,CIN,,HCI5H,O N, 226 N, 22-5 
needles . Cl, 1435 Cl, 143 
H,O, 17-6 H,0, 18-1 


* 4,6-Diaminoquinaldine methochloride was prepared by the method of B.P. 634,818. 


aminonitroquinazolinium salts in aqueous solution, a platinum oxide catalyst being used; they 
all crystallised in yellow needles. 
m-Aminobenzamidine Monohydrochloride.—m-Nitrobenzamidine hydrochloride (232 g.) in 
methanol (1392 ml.) was catalytically reduced at 70 Ib./sq. in. at 41°, platinum oxide (4-65 g.) 
being used. Reduction was completed in 2 
solution evaporated under reduced pressure. 


‘1 hr.; 


the catalyst was then filtered off and the 


The yellow product (185 g., 99%), m. p. 161— 


164° (Easson and Pyman 8 give m. p. 166°), was used without further purification (Found: N, 
24:1; 





Cl, 21-3. Calc. for C,H,N;,HC1: 





N, 24- 


5; Cl, 21-38%). 
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Coupling Reaction; General Procedure-—Aminobenzamidine monohydrochloride (0-1 mole) 
in water (85 ml.) and concentrated hydrochloric acid (24-5 ml.) was diazotised at 0—5° by 
sodium nitrite (7-0 g.) in water (30 ml.). Excess of nitrous acid was removed by addition of 
sulphamic acid, and the stirred diazonium solution was treated at 5—-15°, all at once, with the 


TABLE 5. Salts (VIITa). 


Yield Cryst. Found Required 
A gt 2s form ¢ Decomp. Formula (% (% 
CH H Me 56-5 Red needles 249° C,sH, CLN,,HCl,2H,O N, 22:2 N, 22:2 
Cl, 160 Cl, 16-05 
H,O, 8&1 H,O, 815 
CH H Ph® 51-5 Orange prisms 265° = C,,H,,CIN,,HC1,2H,O N, 194 N, 194 
1, 13:7 Cl, 140 
H,O, 74 H,O, 7:15 
N HEH 52 Orange prisms 245° C,,H,,;CIN,,HCI1,2-75H,O N, 25:05 N, 253 
Cl, 15:85 Cl, 16-0 
H,O, 11-1 H,0, 11-2 
N H Me 58 Orange needles 241° C,,;H,,CIN,,HC1,3H,O N, 246 N, 24-4 
Cl, 156 Cl, 154 
20, 11-4 H,O, 11-7 


H 
N Me Me 51 Yellow prisms 243—244° C,,H,,CIN,,HCI,25H,O N, 238 N, 240 
Cl, 153 £Cl, 15-25 
H,O, 9-85 H,O, 9-75 
« All the compounds were crystallised from aqueous ethanol. ° 4,6-Diamino-2-phenylquinolinium 
chloride was prepared by the method described in B.P. 794,043. 


diaminoquaternary chloride in N-hydroehloric acid (100 ml.) and water (sufficient to ensure 
solution). Saturated aqueous sodium acetate (120 ml.) was immediately added, and the 
reaction mixture was stirred at 5—15° for 3 hr. Sodium chloride (85 g.) was added and the 
resultant precipitate was washed with saturated sodium chloride solution, and crystallised. In 
this way the products listed in Tables 4 and 5 were obtained. 


Thanks are offered to Dr. H. J. Barber, F.R.1.C., and Dr. J. N. Ashley, F.R.1.C., for their 
interest, Mr. S. Bance, B.Sc., F.R.I.C., for the analyses, and to my colleagues of the Biological 
and Veterinary Research Divisions for the biological tests. 


THE RESEARCH LABORATORIES, MAY AND BAKER LTD., 
DAGENHAM, ESSEX. [Received, February 27th, 1961.] 





787. Organic Derivatives of Boron. Part II Catechol 
Derivatives. 
By R. C. MEHROTRA and G. SRIVASTAVA. 


Ethyl o-phenylene borate and tri-o-phenylene bisborate have been 
prepared by azeotropic distillation of catechol with various proportions of 
ethyl borate in benzene. They are interconvertible. From the former 
several other alkyl derivatives have been obtained, again by azeotropic 
distillation. The esters give amine adducts except when internal co-ordin- 
ation intervenes. 


GERRARD, LAPPERT, and MOUNTFIELD ? recently prepared some catechol borate esters by 
treating boron trichloride with catechol or o-phenylene chloroboronate with other 
alcohols and amines. We have prepared borate esters from catechol and ethyl borate by 
the azeotropic distillation technique which we used earlier for alkoxides of various metals.® 
The reaction of ethyl borate with catechol in 1:1 or 2:1 molar ratio yielded ethanol 
1 Part I, Mehrotra and Strivastava, J. Indian Chem. Soc., 1961, 38, 1. 
2 Gerrard, Lappert, and Mountfield, J., 1959, 1529. 
3 Verma and Mehrotra, J. prakt. Chem., 1959, 8, 64, 235; J., 1960, 2966; Kapoor and Mehrotra, 


Z. anorg. Chem., 1957, 298, 92, 100; J. Amer. Chem. Soc., 1958, 80, 3569; 1960, 82, 3495; Mehrotra, 
J. Indian Chem. Soc., 1953, 30, 585; 1954, 31, 85. 
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(which was removed azeotropically with benzene) and ethyl o-phenylene borate 
Ow 


o-CeH,< 5 >B-OFt. Using a 2:3 or 1:4 molar ratio yielded tri-o-phenylene bisborate 
0-CgH,CO>B-0-C,HyO-BCO CH. When refluxed with 1 mol. of ethyl borate this 


afforded ethyl o-phenylene borate quantitatively. 

By transesterification, the ethoxy-group of ethyl o-phenylene borate was replaced by 
higher alkoxy-groups and a number of new alkyl o-phenylene borates were thus prepared. 
These included the t-butyl and t-pentyl esters, showing the advantage of the azeotropic 
distillation technique, since these esters cannot be prepared from o-phenylene chloro- 
boronate by the action of tertiary alcohols because of a side reaction between hydrogen 
chloride and the alcohol. 

Alkyl o-phenylene borates are colourless unimolecular liquids which are hydrolysed 
readily and completely to catechol and boric acid. Only a few such esters have previously 
been prepared.** Pyridine and aniline complexes were at once precipitated on admixture 
of the components in benzene; tri-o-phenylene bisborate gave a stable 1 : 2 complex. 

Ethyl o-phenylene borate with o-aminophenol or diethylaminoethanol gave the esters 
(I) and (II); these do not give addition complexes with amines owing to internal co-ordin- 


ation as shown. 
ie) ‘@) 12) O-~ 
CH 
Oo N oO “NCH 


(I) H, Et» (II) 


EXPERIMENTAL 

The methods used were those already described. Molecular weights were determined by a 
semimicro-ebulliometer (Gallenkamp) with thermistor sensing. 

Ethyl o-Phenylene Borate.—Ethy] o-phenylene borate was obtained by the refluxing of ethyl 
borate with catechol in benzene for 2—3 hr. Ethanol produced was removed azeotropically 
and the compound was distilled. It had b. p. 86°/8 mm. (Found: B, 6-45; EtO, 26-9%; M, 
160. Calc. for C,H,BO,: B, 6-6; EtO, 27-4%; M, 164). 

Catechol [(i) 5-85 g.; (ii) 3-58 g.] with ethyl borate [(i) 7-76 g., 1 mol.; (ii) 9-52 g., 2 mol.] in 
refluxing benzene (40 g.) yielded ethanol (1-9 mol.) and ethyl o-phenylene borate [(i) 6-6 g., 80% ; 
(ii) 5-3 g.]. 

Tri-o-phenylene bisborate (11-65 g., 1 mol.) was refluxed for 6 hr. with ethyl borate (4-92 g., 
1 mol.) in benzene (15 g.). After removal of the benzene, ethyl o-phenylene borate (13-6 g., 
83%) was obtained at 92°/10-5 mm. 

Tri-o-phenylene Bisborate.—(a) Fractionation of a mixture of catechol [(i) 8-25 g., 1-5 mol.; 
(ii) 12-66 g., 4 mol.] and ethyl borate [1 mol. (i) 7-3 g.; (ii) 4-20 g.] in benzene (4!) g.) yielded the 
alcohol—benzene azeotrope and then tri-o-phenylene bisborate (7:5 g., 87%; m. p. 104°) at 
214°/4 mm. (Found: B, 6-2; C,H,O,, 92-5%; M, 340. Calc. for C,,H,,B,0,: B, 6-3; C,H,O,, 
93-6%; M, 346). 

(b) Catechol (2-2 g., 1 mol.) and ethyl o-phenylene borate (6-5 g., 2 mol.) in benzene (40 g.), 
on fractionation, gave ethanol (1-7 g., 1-9 mol.) and then tri-o-phenylene bisborate (6-2 g., 
90%) at 214—216°/4 mm. : 

Alkyl o-Phenylene Bovates.—These were prepared by alcohol interchange in benzene. For 
example, propan-2-ol (2-05 g.) was added to ethyl o-phenylene borate (4-45 g.) in benzene 
(35 g.). The mixture was refluxed for 2 hr. and then slowly fractionated. Ethanol was 
obtained in the azeotrope. After removal of benzene, the compound was distilled. The Table 
gives details for these products. 

o-Aminophenyl o-Phenylene Borate.—Fractionation of a mixture of o-aminophenol (4 g.) 
and ethyl o-phenylene borate (6-03 g.) in benzene (40 g.) gave ethanol (1-5 g., 0-9 mol.) and 
o-aminophenyl o-phenylene borate which was purified by sublimation at 270—290°/2 mm. (yield 
6 g.; m. p. 280°) (Found: B, 4-6; N, 6-1. C,,H,)BNO, requires B, 4-7; N, 6-1%). 


* Thomas, /J., 1946, 820, 823. 
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Alkyl o-phenylene borates. 


Ethanol (%) found Yield (%) of B. p. (°/mm.) B (%) 
Ester in the azeotrope distilled compound of the ester Found Reqd. 
nn eee 85 67 62/1-5 6-0 6-1 
EE. sisfaichseneiens 94 90 85/3 55 5-6 
CHIMOEY® ......,.- 98 98 97/2-5 5-2 5-3 
SEE nivakctonanss 90 74 96/4-5 5-1 5:3 
BEE prticstsindecives 89 82 93/4-5 6-0 6-1 


2-Diethylaminoethyl o-Phenylene Borate.—2-Diethylaminoethanol (3-78 g.) was added to 
ethyl o-phenylene borate (5-14 g.) in benzene (40 g.). Heat was evolved and an addition 
compound separated. After 3 hours’ refluxing, the benzene-ethanol azeotrope was slowly 
removed (ethanol, 1-3 g., 0-9 mol.) and 2-diethylaminoethyl o-phenylene borate, m. p. 115°, was 
obtained (Found: B, 6-0; N, 5-7. C,,H,,BNO, requires B, 6-1; N, 5-9%). 

Pyridine Complexes.—Bispyvidine tri-o-phenylene bisborate adduct (1-15 g., 91%), m. p. 155— 
160° (Found: B, 4-1. C,,H,,B,N,O0, requires B, 4:39%), was obtained from the base (0-4 g., 
2 mol.) on admixture with tri-o-phenylene bisborate (0-87 g., 1 mol.) in benzene and filtration of 
the precipitate. 

Pyridine—o-phenylene t-butyl borate adduct (1-2 g., 90%), m. p. 143—-145° (Found: B, 4-0. 
C,;H,,BNO, requires B, 4-0%), was similarly obtained by adding pyridine (0-4 g., 1 mol.) to the 
ester (0-96 g., 1 mol.) in benzene. 

Aniline Complexes.—Aniline complexes were prepared in the same way as the pyridine 
complexes. The essential details are tabulated. 


B (%) N (%) 
Aniline complex 7 M. p. Found Reqd. Found Reqd. 
a ES eee 220—225° 4-0 4-0 5-1 5-2 
C,H,O,B-O-C,H,,C,H,"NH, ..........--0-+ 215—217 4-2 4-2 5:3 5-4 
C,H,O,B-O-C,H,,C,H,"NH, ¢ ........000000 220—221 4-0 4-0 5-0 5-1 
C,H,O0,B-O-C,H,,C,H,NH,® ..............- 210—212 38 3-8 4-8 4-9 
C,H,O,B-O-C,H,,,C,H,"NH,° ............ 222-223 3-5 3-6 4-5 4:7 
C,H,O,B-O-C,H,,,CgHg*NHe! .......eeeee 242244 3-6 3-6 4-5 4-7 
C,H,0,B-O-C,H,,C,H,NH, ¢ ..............- 232—233 3-9 4-0 5-0 5-2 
* Isopropyl. ° t-Butyl. ¢ s-pentyl. ¢ t-Pentyl. ¢ Allyl. 


One of us (G. S.) is grateful to the Council of Scientific & Industrial Research, New Delhi, 
for the award of a Junior Research Fellowship. 
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788. Interaction between Carbonyl Groups and Biologically Essential 
Substituents. Part II... Further Observations on the Effect of Ketones 
on Optically Active «- and B-Amino-esters. 


By F. Bercet and (Miss) J. BUTLER. 


The effects of diketones on the rotatory behaviour of amino-esters have 
been investigated. A condensation product of acetylacetone and L-tyrosine 
ethyl ester is described. The absolute configuration of (-+)-8-amino-f- 
phenylpropionic acid has been established and the mutarotation of its 
ethyl ester in ketonic solvents studied. 


In extension of our studies} of the rotatory behaviour of optically active «-amino-esters 
and of (+-)-amphetamine in ketonic solvents, we obtained additional results with diketones 
and a $-amino-ester. 
The situation with the diketones so far used, namely biacetyl, acetylacetone and two 
cyclohexane-1,3-diones, is not as simple as that with monoketones. For the latter, Table 1 
1 Part I, Bergel, Lewis, Orr, and Butler, J., 1959, 1431. 
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illustrates the rotatory behaviour of «-amino-esters in a homologous series of cyclic ketones 
in comparison with their specific rotation in ethanol. 


TABLE 1. 
Maximal [a],, at 18—25°. 

Ethyl esters of Ethanol Cyclobutanone Cyclopentanone Cyclohexanone Cycloheptanone 
L-Tyrosine (c 3-25) ...... +-17° — 143° —161°! — 124°! — 106° 
p-Phenylalanine (c 3-0) — 22 +125 ft +1531 +1371 _- 
L-Valine (c 2-25) ......... —29 — — 229 —178 —121 
p-Valine (c 2°25) ......... +29 — +216 +175 +121 


Cyclobutanone-cthanol 1 : 1 (v/v). 
T Cy lv) 


In contrast, no mutarotation occurred with L-tyrosine ethyl ester in cyclohexane-1,3- 
dione or dimedone (Table 2). This could be explained if the preferred state of the mole- 
cules were the monoenolic form (see Meek e¢ al.?). Both these cyclic diketones are 
sufficiently strong acids (K, 0-55 x 10° and 0-71 x 10° respectively *) to protonate the 
amino-group of the ester and hence to prevent azomethine formation.! 


TABLE 2. 
Maximal [a|,, at 18—25°. 
L-Tyrosine Et ester 


(c 3-25, ethanol + Phenylalanine Et ester 
(c 3-25) 2 equiv. of dione) (c 3-0) 
RITE. svccinrsnscanssvrisivsicues — 266° — 195° L —271° 
Biacetyl—ethanol (1: 1 v/v) ............ —140 p +148 
Cyclohexane-1,3-dione .................. + 22-5 
BD eawcnninssensconessanceteriatonee +24 


Acetylacetone, on the other hand, with K, 1-5 x 10,4 is not sufficiently acidic to 
prevent the formation of a product which gave analyses for a monoazomethine. But this 
compound, in contrast to N-cyclopentylidenetyrosine ester, described in Part I,! did not 
show an infrared absorption band in the 1650 cm. region (for C=N of acyclic substances 5). 
This, according to Henecka,® is due to the isomerisation of the azomethine to a pseudo- 
aromatic enamine (I; R = PON a 


Rotatory-dispersion measurements (cf. Figure), while showing only a plain curve without 
Cotton effect 7 down to 300 my, gave a value of [M]359 = —12,000° in comparison with 
[M]g59 = —1000° for N-cyclopentylidenetyrosine ethyl ester. 

Reverting to Table 2, one can see there that the maximal specific rotations of tyrosine 
and L-phenylalanine esters in acetylacetone are similar in magnitude and that in biacetyl- 
ethanol a similar relation has been noted between pD-phenylalanine (opposite sign) and 
tyrosine ethyl ester. 


CH, CH 
oo ’ ie 
Me-C CMe aie | Me-¢ CMe 
R-N Oo R'N. O 
(I) H 


For the purpose of investigating the rotatory behaviour of a 8-amino-ester with known 
absolute configuration in ketonic solvents, DL-$-amino-$-phenylpropionic acid was 


2 Meek, Turnbull, and Wilson, J., 1953, 2891. 
8 von Schilling and Vorlander, Annalen, 1899, 308, 190, 193. 
4 Guinchant, Ann. Chim. Phys., 1918, 9, 139. 
5 Cf. Jones and Sandorfy in ‘“‘ Chemical Application of Spectroscopy,’’ Vol. IX of ‘‘ Technique of 
Organic Chemistry,”’ ed. West, Interscience Publ. Inc., New York, 1956, p. 532. 
® Henecka, ‘‘ Chemie der Beta-Dicarbonyl Verbindungen,” Springer-Verlag, Berlin, 1950, p. 189. 
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resolved in the form of its N-formyl derivative by the method of Fischer e¢ al.8 The (+)- 
formamido-acid was transformed into the amino-ester hydrochloride, and after N-acetyl- 
ation the ester was converted into an azide. This compound was submitted to a Curtius 
degradation, followed by acid hydrolysis which gave the L-(—)-phenylethylenediamine 
dihydrochloride. Arpesella et al. had related the configuration of this diamine to L-(++)-«- 
aminophenylacetic acid, therefore (+-)-8-amino-$-phenylpropionic acid belongs to the 
L-series. After the experiments had been carried out it came to our knowledge that 
LukeS e¢ al.!° had reached the same conclusion, using a different method of degradation. 








+30 
“a 
Rotatory dispersion curves (by tes: ae 
courtesy of Professor W. Klyne) for __ o p> >>> a-===-- m= === = a 
(— — —) L-tyrosine ethyl ester and ( ae 300 40 
N-cyclopentylidene-L-tyrosine ethyl “~ -lOF A (mp) 
ester. ~ Lact 
-30b 
-40L 





Mutarotation measurements of the ethyl ester of L-(+)-$-amino-$-phenylpropionic 
acid in a number of monoketones showed that interaction produced a positive shift of 
(x], (Table 3). This effect is the opposite to that found for L-«-amino-esters. Balenovic," 


TABLE 3. 
Maximal [a],, at 22° + 2° (c 3-0, except for ethanol where c 2-0). 
Ethanol +8° Instantaneous Cyclohexanone + 68° After 3 min. 
Diethyl ketone +23 Pe Cycloheptanone +61 », 60 min. 
Cyclopentanone +73 After 8 min. Acetylacetone — 600 » 45 min. 


when extending the studies of Lutz and Jirgensons * who had found a positive shift of 
[x], With L-«-amino-acids in presence of hydrochloric acid, came to the conclusion that this 
shift with L-8-amino-acids was in a negative direction. 

The only observation which remains puzzling is the behaviour of L-8-amino-$-phenyl- 
propionic ester in presence of acetylacetone. Unexpectedly a high levorotation was 
noticed ({M]359 —13,000°) which cannot be caused solely by formation of a pseudoaromatic 
product (I; R = CHyCH-CH,CO,Et). 


EXPERIMENTAL 


Physical Measurements.—Optical rotations were obtained as described in Part I.1 Rotatory 
dispersions were measured with a Rudolph spectropolarimeter by courtesy of Professor W. 
Klyne. Infrared absorption measurements were carried out on a Perkin-Elmer model 12C 
spectrometer, by courtesy of Dr. R. L. Jones. 

Solvents and Ketones.—For polarimetry, ethanol was dried as described in Part I. Cyclo- 
butanone was purchased from Aldrich Chemical Company and used without further purification. 
Cycloheptanone, distilled through a fractionating column, had b. p. 178—179°. Biacetyl, 
distilled through a fractionating column, had b. p. 88°. Acetylacetone, similarly distilled, had 
b. p. 136—137°. Cyclohexane-1,3 dione, recrystallised from benzene, had m. p. 107—108°. 





7 Djerassi and Klyne, Proc. Chem. Soc., 1957, 55. 

8 Fischer, Scheibler, and Groh, Bey., 1910, 48, 2020. 

® Arpesella, La Manna, and Grassi, Gazzetta, 1955, 85, 1354. 

10 LukeS, Kovaf, Kloubek, and Blaha, Coll. Czech. Chem. Comm., 1958, 23, 1367. 

1 Balenovié in ‘‘ Amino Acids and Peptides with Antimetabolic Activity,’’ Ciba Found. Symp., 
J. & A. Churchill, London, 1958, p. 5. 
12 Lutz and Jirgensons, Ber., 1930, 68, 448. 
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5,5-Dimethylcyclohexane-1,3-dione was used without purification. Other ketones were 
purified as described in Part I.} 

Amino-esters.—a-Amino-esters were obtained as described in Part I.? 

Product from L-Tyrosine Ethyl Ester and Acetylacetone.—t-Tyrosine ethyl ester was dissolved 
in the minimum volume of acetylacetone and set aside at room temperature. The precipitated 
N-(1-methyl-3-oxobutylidene)-L-tyrosine ethyl ester was filtered off, washed with dry ether, and 
recrystallised from benzene; it had m. p. 147-5—149°, [a],2° —265-5° (c 2-0 in EtOH) (Found: 
C, 65-6; H, 7-2; N, 4-85. C,,H,,NO, requires C, 65-95; H, 7-3; N, 4-8%). 

Ethyl p- and .-B-Amino-8-phenylpropionate.—pD.-f-Amino-$-phenylpropionic acid was 
prepared by Mr. J. Johnson, by Johnson and Livak’s method, and treated with 2: 1 (v/v) 
mixture of 98% formic acid and acetic anhydride at room temperature. After removal of 
the solvents the residue was recrystallised from water, giving DL-$-formamido-f-pheny!l- 
propionic acid, m. p. 126—128°. This compound was resolved by the method of Fischer e¢ al.,*° 
giving (+)-, m. p. 135-5—136°, [oJ,2”7 +113-5° (c 2-0 in EtOH), and (—)-$-formamido-f- 
phenylpropionic acid, m. p. 133-5—136°, [a],?® —114-5° (c 2-0 in EtOH). The formyl group 
was removed and the carboxyl group esterified simultaneously by treatment with ethanolic 
hydrogen chloride at 50°. The (-+)-formamido-acid gave ethyl (—)-§-amino-§-phenyl- 
propionate hydrochloride, m. p. 122—123°, [aJ,2® —15-0° (c 2-0 in EtOH). The free-amino- 
ester, which was liberated with aqueous sodium hydrogen carbonate, was an oil having [a,,”" 
+8-0° (c 2-0 in EtOH). (—)-f-Formamido-$-phenylpropionic acid gave the (+-)-ester hydro- 
chloride, m. p. 118—120°, [aj,,2* +14-5° (c 2-0 in EtOH). 

Degradation of (+-)-8-A mino-$-phenylpropionic acid.—Ethy] (—)-f-amino-$-phenylpropionate 
hydrochloride with acetic anhydride, acetic acid, and anhydrous sodium acetate at 50° gave 
the N-acetyl derivative as a yellowoil. This (1-6 g.) was warmed in methanol with hydrazine 
hydrate (2 ml.) at 50° and left overnight. The solvents were removed and the solid residue 
was recrystallised twice from the minimum volume of water to give (++-)-8-acetamido-8-phenyl- 
propionhydrazide (1-2 g., 80%), m. p. 205-5—207°, [a],54 +74° (c 1-0 in H,O) (Found: C, 59-2; 
H, 7-0; N, 19-1. C,,H,,;N,O, requires C, 59-7; H, 6-8; N, 19-0%). 

The hydrazide (0-9 g.), in ice-water (2-5 ml.), N-hydrochloric acid (5 ml.), and sufficient 
acetic acid to give a clear solution was treated with sodium nitrite (0-37 g.) in water (1 ml.) at 0°. 
The mixture was extracted with cold benzene, and the organic layer was washed (in the cold) 
with water, sodium hydrogen carbonate solution, and water, dried (Na,SO,), and refluxed for 
1-5 hr. The solvent was removed in vacuo, leaving a crystalline residue which was presumably 
3-acetyl-4-phenylimidazolid-2-one.4 This residue was refluxed in concentrated hydrochloric 
acid (5 ml.) for 2hr.25 After removal of the solvent im vacuo, the solid residue was recrystallised 
from ethanol—dry ether, to give t-(—)-phenylethylenediamine dihydrochloride (0-35 g., 41% 
based on hydrazide), m. p. 285° (decomp.), [aJ,,”® —28-3° (c 3-0 in EtOH). Arpesella e¢ al.® 
give [«],,7° —17-6° (c 2-25 in H,O); Luke e# al.!° give for the p-isomer [a],,*4 + 28-9° (c 8-86 in 
H,O). The diamine afforded its NN’-diacetyl derivative, m. p. 172—173°, [«),* +82°, [M],,** 
+ 180° (c 2-0 in EtOH), [aJ,,2* + 102°, [/],,5 + 224° (c 1-0in dioxan). Reihlen e¢ al.* give m. p. 
174°, [M],,”° +178° in ethanol, [M],,?° + 237° (in dioxan). 


One of us (J. B.) gratefully acknowledges a .Royal Marsden Hospital Studentship. We 
thank Professor W. Klyne and Miss Jane Jackson of Westfield College, London, and Dr. R. L. 
Jones of our Institute for various physical measurements. This investigation has been 
supported by grants to this Institute from the Medical Research Council, the British Empire 
Cancer Campaign, the Jane Coffin Childs Memorial Fund for Medical Research, the Anna Fuller 
Fund, and the National Cancer Institute of the National Institutes of Health, U.S. Public 
Health Service. 
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13 Johnson and Livak, J. Amer. Chem. Soc., 1936, 58, 301. 
14 Rodionov and Bezinger, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1952, 962. 
15 Kanevskaya, J. prakt. Chem., 1932, 182, 335. 

16 Reihlen, Weinbrenner, and von Hessling, Annalen, 1932, 494, 143. 
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789. Interaction between Carbonyl Groups and Biologically Essential 
Substituents. Part III4 The Formation of a Thiazolidine Deriv- 
ative in Aqueous Solution from Pyridoxal Phosphate and u-Cysteine. 

By F. Bercet and K. R. Harrap. 


The absorption spectra of solutions containing L-cysteine and pyridoxal 
phosphate have been examined with a view to establishing the structure of 
the product. The inadequacy of this spectral evidence has been illustrated, 
and further evidence presented which establishes the nature of the product 
as the thiazolidine-4-carboxylic acid derivative, and its formation via the 
hemimercaptal. 


IN pursuing our study of the possible role of enzymes in carcinogenesis and cancer chemo- 
therapy with particular reference to cysteine desulphydrase,”* we discovered a model of 
its enzymic reaction which we have described in preliminary reports.*5 This model 
enzyme system consists of pyridoxal phosphate and a vanadium salt, and it became of 
interest to study its reaction with cysteine * in some detail. As a first step more inform- 
ation on the nature of the metal-free product was required. The results of this work are 
described in the present paper; the mechanism of the reaction in presence of metal 
ions will be discussed in a later Part. 

The function of pyridoxal phosphate as a coenzyme for the large number of enzyme- 
catalysed transformations of «-amino-acids has been reviewed by Snell ® and by Braun- 
stein.? Both these workers suggested schemes outlining the participation of pyridoxal 
phosphate in amino-acid metabolism, and its specific réle as the coenzyme of cysteine 
desulphydrase has been demonstrated by Suda ef al.8 and by Braunstein and Asarkh.® 
On the other hand Snell and his collaborators !° have studied the action of pyridoxal with 
amino-acids 1 vitro, laying particular emphasis on the function of metal ions in such model 
reactions. 

The reversible equilibrium between mixtures of aldehydes or ketones and cysteine, 
representing an interaction between carbonyl and amino- or thiol-groups, has been 
studied repeatedly "; all these papers report the formation of thiazolidine derivatives. 
Heyl and his co-workers ! described the preparation in aqueous ethanol of 2-(3-hydroxy- 
5-hydroxymethyl-2-methyl-4-pyridy])thiazolidine-4-carboxylic acid, from pyridoxal and 
cysteine. However, the identity of the product formed from pyridoxal phosphate and 
cysteine derivatives in aqueous solution rests entirely on the evidence of ultraviolet 
absorption spectra, the aldehyde group of pyridoxals absorbing at 387-5 my and the 
condensation product at 330 my. For instance, du Vigneaud ef ai.1* showed that the 

* In this paper “ cysteine’ refers to the L-compound. 


+ Since this paper was submitted, two others have come to our notice: Buell and Hansen, J. Amer. 
Chem. Soc., 1960, 82, 6042; Naaken, Acta Physiol. Scand., 1960, 50, 109. 


1 Part II, preceding paper. 
* Fromageot, Wookey, and Chaix, Compt. rend., 1939, 209, 1019. 

3 Smythe, “‘ Methods in Enzymology,” ed. Colowick and Kaplan, Academic Press, New York, 
1955, Vol. II, p. 315. 

* Bergel, Bray, and Harrap, Nature, 1958, 181, 1654. 

5 Harrap, Bergel, and Bray, Internat. Congr. Biochem., Vienna, 1958, Abs., 4—97. 

® Snell, ‘‘ Vitamins and Hormones,” ed. Harris, Marisan, and Thimann, Academic Press, New York, 
1958, Vol. XVI, p. 77. 

7 Braunstein, ‘‘ The Enzymes,” ed. Boyer, Lardy, and Myrback, Academic Press, New York, 1960, 
Vol. II, p. 113. 

§ Suda, Risu, Saigo, and Ichihara, Med. J. Osaka Univ., 1953, 3, 469. 

® Braunstein and Asarkh, Compt. rend. Acad. Sci., U.R.S.S., 1950, 71, 93. 

10 E.g., Metzler, Ikawa, and Snell, ]. Amer. Chem. Soc., 1954, 67, 648. 

11 Schubert, J. Biol. Chem., 1936, 114, 341; Ratner and Clarke, J]. Amer. Chem. Soc., 1937, 59, 200; 
Woodward and Schroeder, ibid., p. 1690; Sheehan and Yang, ibid., 1958, 80, 1154; King, Clark-Lewis, 
and Wade, J., 1957, 881. 

12 Heyl, Harris, and Folkers, J. Amer. Chem. Soc., 1948, 70, 3429. 
#8 du Vigneaud, Kuchinskas, and Horvath, Arch. Biochem. Biophys., 1957, 69, 130. 
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absorption spectrum of a mixture of pyridoxal phosphate and penicillamine was similar 
to that of the thiazolidine prepared by the method of Heyl e¢ al.!* from pyridoxal and 
penicillamine, and Matsuo ™ ascribed the spectrum of a mixture of pyridoxal phosphate 
and cysteine in water to the formation of the corresponding heterocyclic derivative. This 
cannot be considered as conclusive evidence because Metzler and Snell have listed 
absorption data of 3-hydroxypyridine, pyridoxine, and their N-methyl derivatives, 
pyridoxamine, and pyridoxal in its hemiacetal form, showing absorption maxima in the 
range 313—330 my in neutral solution: In all these cases this absorption is attributable 
solely to the ionic form of the 3-hydroxypyridine nucleus. Consequently, the observation 
of similar absorption maxima of products from pyridoxal phosphate and cysteine does not 
represent definite proof of specific structural units. 
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Fic. 1. Absorption spectra of 1:2 > Fic. 2. Absorption spectrum of 1-2 > 
10“‘m-pyridoxal phosphate alone (A) 10™*m-pyridoxal phosphate in the pres- 
and in presence of 1-2 x 10°m-KCN ence of varied concentrations of cysteine 

(B), 1:2 x 10°m-mercaptoacetic acid at pH 6-1. Millimolar concentrations 

(C),and 3-0 x 10™m-Na,SO,,(D), in 0-1M- of cysteine are shown on the peaks. 

phosphate buffer of pH 6-0. 


Fig. 1 shows the spectra obtained on separate addition of sodium sulphite, mercapto- 
acetic acid, and potassium cyanide to a solution of pyridoxal phosphate at pH 6-0. In 
each case the characteristic absorption of the carbonyl group of pyridoxal phosphate at 
387-5 my is lowered and in the presence of a sufficient excess of reagent, is replaced by a 
single absorption band in the region of 330 my (although the cyanohydrin absorbs at 
somewhat lower wavelengths). A similar spectrum results from a mixture of pyridoxal 
phosphate and cysteine and Fig. 2 shows the spectra obtained when increasing quantities 
of cysteine were added to a solution of pyridoxal phosphate at pH 6-0. Isosbestic points 
are evident at 270 and 350 my (indicating that the spectral changes represent an equilibrium 
process between pyridoxal phosphate and the product of its reaction with cysteine 1), 
and the aldehyde peak of pyridoxal phosphate has been replaced by a single absorption 
at 330 my. The similarity between the absorption spectra of mercaptoacetic acid— 
pyridoxal phosphate, and cysteine—pyridoxal phosphate mixtures demonstrates that it is 
not possible to distinguish between the hemimercaptal (I; X = H or NH,), the dimercaptal 
(II; X = H or NH,), and the thiazolidine (III) by spectrophotometric means alone. 


1 Matsuo, J]. Amer. Chem. Soc., 1957, '79, 2011. 
15 Metzler and Snell, 7. Amer. Chem. Soc., 1955, 77, 2431. 
16 Metzler, ]. Amer. Chem. Soc., 1957, 79, 485. 
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The effect of pH on the extent of reaction between pyridoxal phosphate and cysteine 
is shown in Fig. 3, and it is evident that condensation has taken place over pH range 
4—10 and maximally at about pH 8-0. 

Equilibrium constants were measured for the reaction of pyridoxal phosphate with an 
equimolar amount of (a) cysteine and (b) mercaptoacetic acid at pH 6-0. For (a), values 
of 2-5 x 104 1. mole+ (standard deviation 3-4 x 10%), and for (b) 1:36 x 10? 1. mole? 
(standard deviation 1-78 x 10") were obtained. These figures indicate that cysteine 
reacted far more extensively with pyridoxal phosphate than did mercaptoacetic acid, and 
they agree with Matsuo’s observation 1 that the equilibrium constant for the cysteine— 
pyridoxal phosphate reaction (although not measured by him directly) was several powers 
of ten greater than that obtained for formation of Schiff’s bases from pyridoxal phosphate 
and amino-acids. In our experiments we eliminated the possibility of transamination 
by subjecting mixed solutions of pyridoxal phosphate and cysteine after 24 hr. to paper 
electrophoresis.!7 No pyridoxamine phosphate was detected. 

It has been implied by Metzler e¢ al.!° that desulphydration of cysteine by pyridoxal 
and metal salts 48 involved formation of a Schiff’s base as intermediate. However, we 
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have shown that the thiol as well as the amino-group of cysteine reacts with the aldehyde 
group of pyridoxal phosphate, by measuring the rate and extent of disappearance of the 
thiol group by means of 2,6-dichlorophenolindophenol.!® Fig. .4 shows the effect of 
increasing concentrations of pyridoxal phosphate on the initial rate of reduction of a 
solution of the dye in the presence of cysteine. 

The kinetics of the interaction of pyridoxal phosphate with mercaptoacetic acid 
and cysteine severally indicated that with the latter more than simple mercaptal form- 
ation took place. Under pseudo-first-order conditions pyridoxal phosphate reacted 
with an excess of the thiols in the manner shown in Fig. 5. The curve depicting the 
rate of decrease of E1,,.., (the optical density at 387-5 my for 1 cm. light path) disclosed 
two distinct reactions. In the case of mercaptoacetic acid the two reactions were assumed 
to correspond to the formation of hemi- and di-mercaptal. With cysteine there could, 
in addition, be some thiazolidine formation during the second reaction. The initial re- 
action was too fast for analysis: the second gave a first-order rate coefficient of 3-5 x 10% 
sec. for cysteine and 0-8 x 10% sec.1 for mercaptoacetic acid at the concentrations 
employed (these figures illustrate only the difference in rate between the two reactions). 

When equivalent amounts of thiol and pyridoxal phosphate were mixed, the rate 
curves indicated that the two thiols reacted differently with pyridoxal phosphate. As 
shown in Fig. 6, the mercaptoacetic acid reaction reached equilibrium within 10 seconds, 


17_N. Siliprandi, D. Siliprandi, and Lis, Biochem. Biophys. Acta, 1954, 14, 212. 
18 Metzler and Snell, J. Biol. Chem., 1952, 198, 353. 
19 Basford and Heunnekens, J. Amer. Chem. Soc., 1955, '77, 3874. 
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whereas the rate curve for the cysteine reaction was of the two-step type obtained for an 
excess of thiol: after an initial rapid reaction, whose plot followed that of the mercapto- 
acetic acid curve, a slower secondary reaction took place. Under the conditions used, 
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no dimercaptal formation was possible, and’ the cysteine-pyridoxal phosphate reaction 
may be interpreted as, first, formation of hemimercaptal (by analogy with the mercapto- 
acetic acid reaction) and then ring closure to the thiazolidine. The kinetics of this reaction 
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(In the scheme the compounds are represented in their non-ionic forms.) 


(calculations showed it to be of the second order) are complicated, as a more exact evalu- 
ation of the rate coefficients in the scheme shown above (I—III; X = NH,) involves a 
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knowledge of the concentration of the hemimercaptal (I; X = NH,) at any instant, and 
this cannot be obtained by the method adopted here. For precise calculation of the rate 
coefficients the concentration of this hemimercaptal cannot be ignored, particularly in 
the later stages of the reaction, when considerable amounts of thiazolidine (III) have 
been formed, the cysteine and pyridoxal phosphate concentration have fallen below their 
initial values, and the reverse reaction gained predominance. But when it was ignored 
and the necessary substitutions were made in the integrated rate equation for a reaction 
of the type A + B =~ C, it was found that the apparent velocity coefficient decreased 
linearly with time. By extrapolating to zero time a value of 0-95 1. mole sec.-1 was 
obtained which was probably determined largely by the constant for the ring closure (the 
rate-limiting step for the overall reaction), calculated under conditions where the concen- 
tration of reactants are high and that of thiazolidine very low. 

Paper chromatography of a cysteine solution containing an excess of pyridoxal phos- 
phate, resulted in the appearance of a new fluorescent spot (Rp 0-02). This developed a 
very faint yellowish-orange colour in the presence of ninhydrin, similar to that for, e.g., 
2-phenyl-, 2-o-hydroxyphenyl-, and unsubstituted thiazolidine-4-carboxylic acids whose 
colours ranged from yellow to orange when treated with ninhydrin on paper. Cysteine 
mercaptals would be expected to give the usual blue coloration of amino-acids in the 
presence of the reagent. 

Attempts to isolate pure 2-(3-hydroxy-2-methyl-5-hydroxymethyl-4-pyridyl)thiazol- 
idine-4-carboxylic acid 5’-phosphate gave colourless crystals with an absorption maximum 
at 330 my in water. These were very. unstable and became yellow and moist in air; the 
analytical results were unsatisfactory. Nevertheless, all the data presented can be best 
explained by the formation of this phosphate acid (III) in solution. 

As shown in the scheme (I—III), an excess of thiol with pyridoxal phosphate forms, 
first, the hemimercaptal (I! X = H or NH,), and then the dimercaptal (II; X = H or NH,). 
Equivalent amounts of pyridoxal phosphate and thiol give only the hemimercaptal. 
With cysteine, however, once the hemimercaptal (I; X = NH,) has been formed, the 
amino-group is capable of further reaction, and ring closure takes place to the thiazolidine, 
demonstrated by the second phase in Fig. 6 and indirectly by the equilibrium constant 
and chromatographic results. 

EXPERIMENTAL 

Reagents and Methods.—Pyridoxal phosphate monohydrate was obtained from Roche 
Products Ltd. In solution it is photosensitive 2° and must be shielded from strong light. 
L-(—)-Cysteine hydrochloride, mercaptoacetic acid, and 2,6-dichlorephenol-indophenol were 
of B.D.H. Laboratory Reagent Grade. Buffer salts were of analytical or B.D.H. Laboratory 
Reagent Grade. Water was glass-distilled and then de-ionised before use. pH was measured 
on a Pye Universal pH meter. Absorption spectra were measured in a Unicam S.P. 500 
spectrophotometer, which for kinetic work was fitted with a thermostatically controlled cell- 
housing set at 23—24°. A Carey recording spectrophotometer, model 11M—50, was used for 
the determination of the effect of pH on thiazolidine formation. 

Absorption Spectra of Pyridoxal Phosphate Derivatives.—Pyridoxal phosphate (final concn. 
1-2 x 10m) was mixed with the following reagents in 0-1mM-phosphate buffer (pH 6-0 #4) and 
left in the absence of air for 1 hr., then the absorption spectra (Fig. 1) were measured: KCN 
1-2 x 10m; mercaptoacetic acid 1-2 x 10%m; Na,SO, 3-0 x 10m. : 

Pyvidoxal Phosphate—Cysteine Spectra.—Pyridoxal phosphate in phosphate buffer (0-1m; 
pH 6-1) was mixed with varying concentrations of cysteine hydrochloride and diluted with 
the same buffer in 1 cm. stoppered cells to the final concentrations shown in Fig. 2. The cells 
were flushed with nitrogen for several minutes before closure and then left in the dark for 
equilibration. 

Effect of pH on Thiazolidine Formation.—Cysteine hydrochloride and pyridoxal phosphate 
were mixed to give final concentrations of 3 x 10-m in the buffers listed below. A manifold 
was arranged so that nitrogen could be passed into the solns. for 15 min. Then the tubes were 


20 Morrison and Long, J., 1958, 211. 
21 Green, J. Amer. Chem. Soc., 1933, 55, 2331. 
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sealed and left for equilibration overnight in the dark. The spectra, and finally the pH of the 
solutions, were measured. The extent of reaction was calculated on the basis of the E',,,., 
value. 

Buffers: pH <3, 0-1In-HCl; pH 3—7, 0-1m-citric acid and 0-2m-sodium dihydrogen phos- 
phate; ** pH 8 and 9, 0-1m-disodium dihydrogen pyrophosphate and 0-1m-tetrasodium pyro- 
phosphate; pH 10-0, 0-2m-sodium carbonate *2 and 0-2m-sodium hydrogen carbonate; pH 
>10, 0-In-NaOH. 

Equilibrium Constants.—Cysteine or mercaptoacetic acid (3 x 10%m; 0-1m with respect 
to EDTA, to obviate metallic contamination from the buffer) and phosphate buffer (pH 6-0) were 
mixed with pyridoxal phosphate (3 x 10m) in 0-1mM-phosphate buffer (pH 6-0) and diluted with 
the same buffer in duplicate tubes to the following concentrations: mercaptoacetic acid 1-8— 
9-6 x 10m; cysteine 0-6—12-0 x 10m. All operations were carried out in a glove box in 
an atmosphere of nitrogen (tested with alkaline pyrogallol to ensure absence of oxygen). The 
solutions were left overnight in the dark, then the optical density at 387-5 my was measured at 
23—24°. Equilibrium constants were calculated on the basis of the amount of pyridoxal 
phosphate that reacted, from the following formula (P = pyridoxal phosphate) : 


For cysteine (C): K = [(I; X = NH,) + (III)}/[P)[C] 
For mercaptoacetic acid (M): K = [(I; X = H)]/[P][M] 


Titration of Cysteine—Pyridoxal Phosphate Solutions with 2,6-Dichlorophenolindophenol.— 
Cysteine hydrochloride was kept with pyridoxal phosphate solutions of various concentrations 
at pH 6-0 and 23° for 1 hr. Portions (0-1 ml.) were then added to a 1 cm. stoppered cell 
containing 0-1mM-phosphate (2-3 ml.) (pH 7-0 21) at 23—24°, followed by aqueous 1-2 x 10™°m- 
indophenol (0-1 ml.). The rate of change of optical density at 600 my was measured at 
23 —24°. 

Kinetics of Pyridoxal Phosphate-Thiol Reactions.—(a) An excess of cysteine or mercapto- 
acetic acid (0-1 ml.; 0-3m) was added to a 1 cm. stoppered Unicam cell containing pyridoxal 
phosphate (0-15, 0-3, 0-6, 0-9, or 1-2 umoles severally) in 0-1M-phosphate buffer (pH 6-0) at 
23—24°. The rate of decrease of E',,,., was then measured (Fig. 5). The velocity constants 
were determined from the slope of the graph of log [pyridoxal phosphate] against time. 

(b) Equivalent amounts of the reactants were treated as in (a) except that the final concen- 
trations of aldehyde and thiols were 0-6, 1-2, 2-4, 3-6, or 4-8 x 10™m severally (Fig. 6). For 
experiments lasting more than 10 min. solutions were stored under nitrogen. 

Paper Chromatography.—A solution of pyridoxal phosphate (0-1m) and cysteine hydro- 
chloride (0-01m) at pH 6-0 was left in the dark under nitrogen for 1 hr., then spotted on No. 4 
Whatman paper and chromatographed in butanol-acetic acid—water (2: 3: 5). 

Attempted Isolation of the Thiazolidine Derivative-—To pyridoxal phosphate (0-27 g.) in 
n-alcoholic potassium hydroxide (5 ml.) was added cysteine (1-21 g.) in the same solvent (40 ml.) 
under nitrogen. Concentrated hydrochloric acid (6 ml.) was added, the precipitate was removed 
and extracted with absolute alcohol (200 ml.) at 40°. The filtered solution was combined with 
the acid filtrate and evaporated. The resulting off-white solid was recrystallised from alcohol— 
ether and dried (P,O;-KOH) (yield 50 mg., 13%) (Found: C, 33-2; H, 5-35; O, 29-8; N, 6-7; 
S, 9-3; P, 7-8; Cl, 10-5. Calc. for C,,H,,CIN,O,SP: C, 34-1; H, 4-15; O, 29-0; N, 7-2; S, 8-8; 
P, 8-0; Cl, 9-15%). Infrared spectrophotometry, while showing the absence of thiol absorption 
at 2550 cm."1, was of no assistance in ascertaining the purity of the product. 


The authors thank Drs. R. C. Bray, R. F. Long, Roy Wade, and K. Williams for much 
helpful advice and discussion, and Miss A. M. Scott for technical assistance. They acknowledge 
the courtesy afforded them by Roche Products Ltd. in connection with the purchase of pyridoxal 
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22 Gomori, ‘‘ Methods in Enzymology,” ed. Colowick and Kaplan, Academic Press, New York, 1955, 
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790. Steroids. Part CLXIX.* The Preparation of 16«-Methyl- 
and 168-Methyl-testosterone. 


By A. Bowers, P. G. Horton, E. NEcoEcHEA, and F. A. KINcL. 


Oxidation of 17«,21-dihydroxy-16«-methylpregn-4-ene-3,20-dione (I) by 
sodium bismuthate afforded 16«-methylandrost-4-ene-3,17-dione (IIa), 
which was converted by acid or alkali completely into the 168-methy] isomer 
(IIb). Reduction of the isomers (II) with lithium aluminium hydride, 
followed by oxidation with 2,3-dichloro-5,6-dicyanobenzoquinone, gave the 
respective 16-methyltestosterones (IV). Reduction of the enol ether of the 
168-isomer (IIb) by potassium borohydride, followed by hydrolysis, also gave 
168-methyltestosterone (IVb). 


THE search for a modified hormone which would display myotrophic activity and yet be 
free from undesirable features such as pituitary inhibition or androgenic effects has led to 
the preparation of a number of methylated analogues in both the androstane and the 
cestrane series.'_ Extension of this work to the preparation of the 16«- and 168-methyl 
analogues of testosterone was of interest since 16«-methy] substitution is known to increase 
anti-inflammatory activity in the cortical hormone series,? and moreover the relative 
stabilities of 16«- and 168-substituents in 17-keto-steroids is of interest because of their 
atypical conformational situation. 


CH2*OH 

! 

CcO OH 
~OH ° 

«Me - ++Me 
—> ——s 
(@) oe) HO 
(1) 
(11) a: R = Me (111) 
b:R ==@Me 





(IV) a: R*®°*Me 
b: 


(V) 1°) R*™Me 


Oxidation of 17«,21-dihydroxy-16«-methylpregn-4-ene-3,20-dione 3 (I), with chromium 
trioxide in acetic acid, or, better, with sodium bismuthate gave 16«-methylandrost-4-ene- 
3,17-dione (IIa), in which the configuration at position 16 had been preserved, since 
subsequent equilibration with hydrochloric acid in acetic acid or with potassium hydroxide 
in methanol gave essentially complete conversion into the epimer (IIb). After 
equilibration of either isomer, we were unable to detect the presence of the 16a-methyl 
epimer by chromatography, while the specific rotations of equilibrated solutions were that 


* Part CLXVIII, Crabbé, Ringold, and Zderic, Bull. Soc. chim. belges, in the press. 


1 Inter alia, Ringold and his co-workers, J. Amer. Chem. Soc., 1959, 81, 424, 427; J. Org. Chem., 
1956, 21, 1333; 1957, 22, 99, 602; Campbell, Babcock, and Hogg, J. Amer. Chem. Soc., 1958, 80, 4717. 

2 Arth et al., J. Amer. Chem. Soc., 1958, 80, 3160, 3161; Oliveto et al., ibid., pp. 4428, 4431, 6687; 
Taub, Hoffsomer, Slates, and Wendler, ibid., p. 4435. 

3’ Edwards, Zaffaroni, Ringold, and Djerassi, Proc. Chem. Soc., 1959, 87. 
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of the 168-methyl-dione.* The relative stabilities of the epimeric 16-methyl-17-ketones 
are thus in qualitative agreement with those of the 16-bromo-17-ketones, for which, in the 
androst-5-ene and 5a- and 58-androstane series, FajkoS > has demonstrated that 168 is the 
preferred configuration. After equilibration the 168-bromo-epimer predominates in the 
ratio 3:1. The 168-bromo-isomer is also the more stable in the cestra-1,3,5(10)-triene 
series. Compound (IIb) proved to be identical with the known 16-methylandrost-4-ene- 
3,17-dione 78 which had been formed by hydrogenation of a 16-methylene derivative.”-® 

For the preparation of 16«-methyltestosterone (IVa), the dione (IIa) was reduced with 
lithium aluminium hydride in tetrahydrofuran (thereby avoiding equilibration at 
position 16) to give 16a-methylandrost-4-ene-38,178-diol (III). The 17$-configuration is 
assigned since reduction of 17-ketones containing bulky 16«-substituents (e.g., bromine) 
by lithium aluminium hydride is known to be stereoselective in favour of the 176- 
epimer.® 111 QOxidation of the diol (III) with 2,3-dichloro-5,6-dicyanobenzoquinone at 
room temperature !* gave 16a-methyltestosterone (IVa) smoothly. 

For the preparation of the 168-methyl isomer (IVb), the enol ether (V) was reduced 
with potassium borohydride, and the crude product hydrolysed to give a single 17-alcohol 
to which the 8-configuration is assigned. This rests on the identity of the product with 
that obtained by reduction of the 168-methyldiketone (IIb), followed by oxidation, as 
above. These conditions for reduction ensure formation of the 17$-alcohol, since they 
have been shown to be stereospecific for 168-substituted 17-ketones.6 The 166-methyl- 
testosterone (IVb) obtained was identical with that prepared previously 7*® without 
configurational assignments. 

In view of the cis-arrangement of the 138- and 168-methyl groups, one might have 
expected that the 16«-methyl-17-ketone system would be the more stable. However, 
molecular models of compounds (IIa and b) show that in the rigidly held cyclopentanone 
ring the non-bonded interactions between the 16a-methyl and 14a-hydrogen are probably 
greater than those between the 138- and 168-methyl groups. The introduction of either 
the 16a- or the 168-methyl group into testosterone did not increase anabolic or 
androgenic activity. 

EXPERIMENTAL 

M. p.s are corrected. Optical rotations were measured for 1% solutions in chloroform at 
25°, and ultraviolet absorption for ethanol solutions by using a Beckman D.U. spectrometer. 
Infrared absorption spectra were determined for KBr pellets on a Perkin-Elmer model 21 
spectrometer equipped with sodium chloride optics. Alumina for chromatography was neutral- 
ised by heating it under reflux in ethyl acetate for 6 hr. and reactivated by heating it for 62 hr. 
at 120°. 

16a-Methylandrost-4-ene-3,17-dione (IIla).—(a) With chromium trioxide. Chromium trioxide 
(0-8 g.) in water (2 ml.) containing a few drops of acetic acid was added slowly to a solution 
of 17a,21-dihydroxy-16a-methylpregn-4-ene-3,20-dione (I) (1-0 g.) in acetic acid (15 ml.) with 
stirring at <30°. After 48 hr. the mixture was poured into water and extracted with methylene 

* Since completion of this work the degradation of 17«,21-dihydroxy-16a-methylpregna-1,4,9(11)- 
triene-3,20-dione to 16a-methylandrost-1,4,9(11)-triene-3,17-dione has been described. The 16a-con- 
figuration was demonstrated by the non-identity of the product with that obtained by degradation of 
the corresponding 168-methylpregnatriene derivative.‘ The epimeric 3,17-diones were not equilibrated. 

+ The androgen anabolic assay was carried out in castrated immature male rats. Compounds were 


administered by injection. We thank Dr. R. I. Dorfman, The Worcester Foundation for Experimental 
Biology, Shrewsbury, Mass., U.S.A., for these bioassays. 


* Robinson, Finchener, Tiberi, Eisler, Neri, Watnick, Perlman, Holroyd, Charni, and Oliveto, /. 
Amer. Chem. Soc., 1960, 82, 4611. 
* FajkoS, J., 1959, 3966. 
Fishman and Biggerstaff, J. Org. Chem., 1958, 23, 1190. 
Neumann, Mancera, Rosenkranz, and Sondheimer, J. Amer. Chem. Soc., 1955, 77, 5676. 
Romero, Romo, and Lepe, Bol. Inst. Quim. Univ. nac. auton. México, 1952, 4, 115. 
Julian, Meyer, and Printy, J. Amer. Chem. Soc., 1948, 70, 3872. 
10 Biggerstaff and Gallagher, J. Org. Chem., 1957, 22, 1220. 
't FajkoS and Sorm, Coll. Czech. Chem. Comm., 1959, 24, 766. 
'2 Burn, Petrow, and Weston, Tetrahedron Letters, 1960, No. 9, 14. 
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chloride (3 x 20 ml.). The washed and dried extract was evaporated to an oil (800 mg.) and 
chromatographed over alumina (50 g.). Elution with benzene—hexane (1:1) and crystallis- 
ation from acetone—-hexane gave 16a-methylandrost-4-ene-3,17-dione (Ila), m. p. 135—136°, 
[a], +166°. The analytical sample had m. p. 136-5—137-5°, [a@J,, +168°, Amax 240 mp (log 
e 4:22), Vmax, 1740 (C=O in 5-membered ring), 1680 (unsaturated C=O) and 1620 cm. (conjugated 
C=C) (Found: C, 80-0; H, 9-3; O, 10-7. C.9H,,O, requires C, 80-0; H, 9-4; O, 10-7%). 

(b) With sodium bismuthate. Sodium bismuthate (370 g.) was added in portions to a stirred 
solution of 17«,21-dihydroxy-16a-methylpregn-4-ene-3,20-dione (I) (28-0 g.) in 5% acetic acid 
(2-1 1.) at 0°. After the solution had been stirred for a further 35 min. at 0°, 3N-potassium 
hydroxide (4-4 1.) was added. The product was collected and the filtrate extracted with ethyl 
acetate (3 x 500 ml.). The washed and dried extract was evaporated and the combined 
crude product was chromatographed on alumina (1 kg.). Elution with benzene—hexane (1: 1) 
and subsequently with benzene alone, followed by crystallisation from acetone—hexane, gave 
the 3,17-dione (Ila) (15-9 g., 68%), m. p. 136—137°, [a],, + 166°. 

168-Methylandrost-4-ene-3,17-dione (IIb).—(a) With acid. A solution of the dione (IIa) 
(100 mg.) in acetic acid (5 ml.) containing concentrated hydrochloric acid (0-5 ml.) was left at 
room temperature for 4 hr., then poured into water, and the product (m. p. 170—173°) was 
collected, washed with water, dried, chromatographed on alumina (5 g.), eluted with hexane— 
benzene (3:2), and crystallised from acetone—hexane, giving 168-methylandrost-4-ene-3,17- 
dione (IIb), m. p. 173—176°, [a], +178°, Amax. 240 my (log ¢ 4-21). 

(b) With base. A solution of the dione (IIa) (100 mg.) in methanol (2 ml.) containing 2% of 
potassium hydroxide was left at room temperature for4 hr. Isolation and chromatography as 
above similarly gave the 168-methyl isomer (IIb), m. p. 174—176°. A solution of the dione 
(7-0 g.), after equilibration with 2% methanolic potassium hydroxide (50 ml.), gave the same 
product (5-9 g., 84%), m. p. 174—176°, [a], +177°, Amax, 240 my (log ¢ 4-22), Vmax 1740 (C=O in 
5-membered ring), 1677 (unsaturated C=O), and 1619 cm.*} (conjugated C=C) (lit.,? m. p. 178— 
179°, [a], +175°). 

16a-Methylandrost-4-ene-38,178-diol (III).—Lithium aluminium hydride (1-0 g.) was added 
to a stirred solution of 16a-methylandrost-4-ene-3,17-dione (IIa) (1-0 g.) in tetrahydro- 
furan (100 ml.), and the mixture was heated under reflux for 4 hr. Dilute sulphuric acid was 
added, and the product was extracted with ethyl acetate (3 x 100 ml.). The residue obtained 
on evaporation of the washed and dried extract crystallised from acetone—hexane to give 
16a-methylandrost-4-ene-38,178-diol (III) (750 mg.), m. p. 159—161°. The analytical sample 
had m. p. 163—166°, [a], +35°, vmax, 3330—3430 cm. (OH) (Found: C, 78-2; H, 10-5; O, 11:3. 
C.9H3,0, requires C, 78-9; H, 10-6; O, 10-5%). 

178-Hydroxy-16a-methylandrost-4-en-3-one (IVa).—A solution of the diol (III) (500 mg.) and 
2,3-dichloro-5,6-dicyanobenzoquinone (450 mg.) in dioxan (6 ml.) was Jeft at room temperature 
for 16hr. The precipitated quinol was collected and washed with methylene chloride (20 ml.). 
The filtrate and washings were evaporated, and the residue was dissolved in methylene chloride 
(50 ml.) and washed repeatedly with 10% sodium hydroxide solution, followed by water until 
neutral. Evaporation of the dried solution and crystallisation of the residue from acetone— 
hexane gave 178-hydroxy-16a-methylandrost-4-en-3-one (IVa) (330 mg.), m. p. 154—156°, [aJ,, 
+79-5°, Amax, 242 my (log ¢ 4-22), vnax, 3450 (OH), 1674 (unsaturated C=O) and 1625 cm.“ (con- 
jugated C=C) (Found: C, 79-4; H, 10-2; O, 10-5. Cy gH g oO, requires C, 79-4; H, 10-0; O, 
10-6%). 

38-Ethoxy-168-methylandrosta-3,5-dien-17-one (V).—A mixture of 168-methylandrost-4-ene- 
3,17-dione (IIb) (3-0 g.) and toluene-p-sulphonic acid monohydrate (120 mg.) in dioxan 
(22-5 ml.), containing ethyl orthoformate (3-0 ml.), was stirred at room temperature for 2 hr., 
then diluted slowly with water (50 ml.) containing a little pyridine. The product was collected 
and crystallised from methanol containing one drop of pyridine, to give the enol ether (V) (2-55 g., 
78%), m. p. 124—128°, [a], —81°. The analytical sample had m. p. 132—133°, [a],, —79°, 
Amax, 242 my (log e 4-35) (Found: C, 79-8; H, 9-7; O, 10-4. C,,H ,O0, requires C, 80-4; H, 9-8; 
O, 9-8%). 

178-Hydroxy-168-methylandrost-4-en-3-one (IVb).— A solution of the enol ether (V) (2-0 g.) 
and potassium borohydride (1-0 ml.) in tetrahydrofuran (60 ml.) and water (2 ml.) was left at 
room temperature for 16 hr., then heated under reflux for 2 hr. The solution was concentrated 
somewhat in vacuo and aqueous acetic acid was added. The product was extracted with 
methylene chloride (3 x 50 ml.) and the extracts were washed with water, dried, and evaporated. 
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The residual oil was dissolved in acetic acid (10 ml.), and 10% hydrochloric acid (1-2 ml.) was 
added. After 30 min., the mixture was poured into water and extracted with methylene 
chloride (3 x 50 ml.). The residue obtained by evaporation of the washed and dried extracts 
was chromatographed on alumina (100 g.). Elution with hexane—benzene (9:1) gave 168- 
methylandrost-4-ene-3,17-dione (IIb) (510 mg.). Subsequent elution with ether, followed by 
crystallisation from acetone—hexane, gave 17$-hydroxy-168-methylandrost-4-en-3-one (IVb) 
(640 mg.), m. p. 177—180°, [a], +103°, Amax, 242 my (log ¢ 4-23), Vmax, 3520 (OH), 1672 (un- 
saturated C=O), and 1625 cm. (conjugated C=C) (Found: C, 79-2; H, 9-9; O, 11-0. Calc. for 
CygpHg9O,: C, 79-4; H, 10-0; O, 10-6%) (lit.,? m. p. 182—183°, [a], + 106°; ® m. p. 182—184°, 
a|,, +106°). Alternatively the diol (III) was reduced with lithium aluminium hydride and 
the crude diol oxidised with 2,3-dichloro-5,6-dicyanobenzoquinone, as described for the 16«- 
methyl isomer, to give an identical product (m. p. and mixed m. p. 176—179°; infrared 
absorption spectra superimposable). 


SyNTEX S.A., APARTADO POSTAL 2679, MExico, D.F. (Received, April 27th, 1961). 





791. The Uranium(tv) Nitrates. 
By K. W. BaGNa.t, P. S. Rosrnson, and M. A. A. STEWART. 


An amide complex of uranium tetranitrate, U(NO,),,2-5Ac*NMe,, has 
been prepared and the complex nitrates Cs,U(NO,), and (Et,N),U(NO,), 
have been investigated; none of the compounds is hygroscopic but all are 
thermally unstable. Attempts to prepare uranium tetranitrate and 
uranium(Iv) oxynitrate have been made. 


THERE have been several unsuccessful attempts to isolate uranium(Iv) nitrates from 
aqueous solution, which have all resulted in uranyl compounds.'? A basic nitrate, 
UO(NO,),, said to be stable to 100°, has, however, been reported as being precipitated 
during the photochemical reduction of an aqueous-ethanolic solution of uranyl nitrate 3 
and also, more recently, a hydrated form, UO(NO,),,4H,O, has been said to be precipitated 
when uranium(Iv) in 2N-nitric acid is treated with dioxan. We have been unable to 
repeat either of these preparations. 

Uranium(Iv) is fairly resistant to oxidation in 5Nn-nitric acid when reagents which 
destroy nitrite, such as sulphamic acid, are present 5 and this stability increases with the 
nitric acid concentration, probably owing to the formation ® of complex anions such as 
U(NO,),2-. Since the plutonium analogues of this anion give relatively insoluble salts 
with alkali-metal cations, of the form 7 M,'Pu(NO,),, an attempt has been made to prepare 
the uranium analogues and also uranium tetranitrate or its amide complex in non-aqueous 
media by a method already described.® 

We tried to prepare uranium tetranitrate by reaction of uranium tetrachloride in 
acetone with silver nitrate in acetonitrile; the green solution, after removal of silver 
chloride, was evaporated under a vacuum at room temperature, but as the green solid 
product separated in the last stages of the evaporation it was oxidised spontaneously to 
uranium(v1); similarly, evaporation in vacuo of solutions of uranium(Iv) in 2N-nitric acid 
yielded a green solid which was oxidised spontaneously. Strong cooling of solutions of 
the tetranitrate in acetonitrile did not lead to separation of a solid. We also failed to 
Spath, Monatsh., 1912, 38, 857. 

Aloy and Rodier, Bull. Soc. chim. France, 1922, 31, 246. 

Benrath, Z. wiss. Phot., 1917, 16, 259. 

Sahoo and Patnaik, Current Sci., 1960, 29, 16. 

See, e.g., Jenkins and Streeton, A.E.R.E. report R-3158, 1959. 

Ryan, J. Phys. Chem., 1960, 64, 1375. 

Anderson, “‘ The Transuranium Elements,” Nat. Nuclear Energy Series, ed. Seaborg, Katz, and 


Manning, McGraw-Hill Book Co., Inc., New York, 1949, Vol. IV-14B, p. 964. 
§ Bagnall, Deane, Markin, Robinson, and Stewart, J., 1961, 1611. 
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obtain a basic nitrate; azeotropic distillation of uranium(Iv) in dilute nitric acid with 
diethyl ether yielded a black sludge of oxide, and removal of acid and water by repeatedly 
shaking similar solutions with ethyl acetate ultimately gave a ~3% yield of a green solid 
of composition UO(NOs),.93~1.54, 2°4-4'9 H,O which evolved oxides of nitrogen at 80° and 
was oxidised to uranium(v1) at 100° in air. It seems unlikely that the compound previously 
reported 3 to be stable at 100° was a uranium(Iv) nitrate. 

The NN-dimethylacetamide complex was prepared by treating an acetone solution 
of the chloride derivative, UCI,,2-5Ac-NMeg, in the presence of an excess of ligand, with 
the calculated quantity of silver nitrate in acetonitrile. After evaporation of the super- 
natant liquid 7 vacuo to small volume, the solution was diluted with acetone, and the 
complex was precipitated as a green oil by adding isopentane. Repetition of the acetone- 
dissolution—isopentane-precipitation cycle removed the last traces of silver salts, and the 
oil was dried under a vacuum to a green solid. This was ground with ethyl acetate to 
remove the last traces of free ligand and again dried im vacuo. The compound can also 
be prepared, but in poor yield, from the cesium complex salt, Cs,U(NO,),, by following 
the procedure used for the chloride complex.® 

The pale green complex, U(NO,)4,2-5Ac*N Meg, is non-hygroscopic and soluble in acetone, 
acetonitrile, NN-dimethylacetamide, dioxan, ethanol, methanol, and nitromethane. 
It is slightly soluble (~10 g./l.) in ethyl acetate, very slightly soluble in isobutylmethyl 
ketone, and insoluble in benzene, diethyl carbonate, diethyl ether, and di-isobutyl ketone. 
It can be recovered as an oil from its solutions in organic solvents, other than methanol, 
by precipitation with isopentane, acetone being added where necessary to achieve 
miscibility with the hydrocarbon. The complex is not very stable, the evolution of 
oxides of nitrogen being detectible at 65°; it melts to a green liquid at 80—82° and oxidation 
to uranium(vI) is complete at 90—95°. It is slowly oxidised on storage (about 6% in one 
month). 

The ligand infrared spectrum is almost identical with that of the ligand in the corre- 
sponding chloride complex; ® six nitrate bands were observed, at 1517, 1277, 1020, 807, 
and 702 cm., and one band split at 743, 739 cm.+, indicating covalent nitrate groups.® 

Both cesium and tetraethylammonium hexanitratouranate(Iv) are precipitated in 
good yield when the appropriate nitrate in concentrated nitric acid saturated with 
sulphamic acid is added to uranium(Iv) in 8M-nitric acid—sulphamic acid at 0°. 

They are both white solids with a faint green cast. The cesium salt is also produced 
by treating solid dicasium hexachlorouranate(Iv) with an acetonitrile solution of silver 
nitrate; when the solution is diluted with acetone and isopentane is added, the product 
separates in rather poor yield. 

At this stage of the work, Dr. Ryan informed us that he was shortly describing ” the 
preparation of the tetraethylammonium salt, which he had obtained by the addition of 
an excess of tetraethylammonium nitrate in concentrated nitric-sulphamic acid to a 
solution of uranium(Iv) in perchloric acid at 0°, together with data on the absorption 
spectra in acetone and in nitromethane. We had found that the compound is also soluble 
in acetonitrile, NN-dimethylacetamide, and hot methanol, slightly soluble in hot ethanol, 
and insoluble in diethyl carbonate, dioxan, ethyl acetate, and ethyl methyl ketone. We 
had also shown that it is slowly oxidised to uranium(v1) if kept in organic solvents and 
that it can be recovered from solutions in these solvents by precipitation with isopentane, 
acetone being added in order to achieve miscibility with the hydrocarbon where necessary. 
The compound is best recrystallised from hot methanol or hot acetone. 

The compound is non-hygroscopic, and stable at room temperature for many weeks, 
but Ryan found some signs of decomposition after 18 months; !° it decomposes at 120— 
125°, oxides of nitrogen being detectable, and at 150° oxidation to uranium(vi) is rapid. 
The oxidised product melts at 162—164°, releasing trapped oxides of nitrogen. The 

® See, e.g., Ferraro, J. Mol. Spectroscopy, 1960, 4, 99. 

10 Ryan, J. Inorg. Nuclear Chem., in the press. 
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melting point corresponds to that reported ! for (Et,N),UO,(NO,),. If rapidly heated, 
it decomposes violently. The nitrate bands in the infrared spectrum of the quadrivalent 
salt indicate covalent nitrate groups, as in the tetranitrate complex. ; 

The cesium salt is slightly soluble in acetonitrile and very slightly soluble in hot 
acetone and in methanol, but is readily oxidised to uranium(v!) in the last solvent; it is 
insoluble in pentyl acetate, dioxan, ethanol, ether, methyl acetate, or nitromethane. 
It decomposes very slowly at room temperature, more rapidly when heated, oxides of 
nitrogen being detectable at 100—105°; decomposition is very rapid at 155—165°, with 
oxidation of the uranium to the sexivalent state. The salt dissolves in formamide to an 
emerald solution from which cesium nitrate is precipitated by acetone; repeated washing 
of the supernatant liquid with benzene to remove the excess of formamide ultimately 
gives a green solid in very poor yield; this is presumably a uranium(Iv) nitrate-formamide 
complex. 


EXPERIMENTAL 

Preparative.—(a) Uvanium tetraniivaie. Uranium tetrachloride was dissolved in acetone. 
The calculated amount of silver nitrate, in acetonitrile, was added. The filtrate was evaporated 
to dryness under a vacuum at room temperature or below. 

(b) Uranium tetranitrate—amide complex. The chloride complex, UCl,,2-5Ac*-NMe,, (1—2 g.) 
was dissolved in hot acetone (20 ml.), cooled, and, after addition of an excess of ligand (l—2 ml.), 
the calculated amount of silver nitrate, in acetonitrile, was added. The filtrate was evaporated 
under a vacuum to small bulk, acetone (2 vol.) was added, and the complex precipitated as a 
green oil with isopentane (10 vol.). The acetone—isopentane cycle was repeated, 5—6 times, 
small amounts of silver salts being removed at each of the earlier acetone dissolution stages. 
The final oily product was dried in a vacuum and ground with ethyl acetate, and the solid dried 
again (yield, 50—60%). Preparations made by treating dicesium uranium(Iv) hexanitrate 
as in the preparation of the chloride complex ® only solidified on vacuum-drying after being 
washed with benzene; the product was then treated with ethyl acetate as above [Found: U(rv), 
33-2; NOs, 35-2; Ac*NMe,, 30-5. U(NO,),,2-5Ac-NMe, requires U(Iv), 33-8; NO,”, 35-3; 
Ac*NMeg, 30-9%]. 

(c) Hexanitratouranium(tv) salts. Since sulphamic acid is much less soluble in concentrated 
than in dilute nitric acid, soiutions in dilute nitric acid were prepared by diluting those in concen- 
trated acid. Freshly prepared uranium(Iv) hydroxide was dissolved in 8M-nitric acid—sulphamic 
acid at 0° and an excess of cesium or tetraethylammonium nitrate in 16M-nitric acid, saturated 
with sulphamic acid, was added slowly, with stirring, at 0°. The precipitate was filtered off 
after being kept for 15 min. at 0°. The c@sium salt was dissolved in N-nitric acid—sulphamic acid 
and reprecipitated with concentrated acid as before, washed with ethanol (3 x 5 ml.), ether 
(1 x 5 ml.), and dried at 10% mm. for 8 hr. [Found: U(iIv), 27-2; NO,~, 42-8; Cs, 30-7. 
Cs,U(NO,), requires U(Iv), 27-2; NO,~, 42-5; Cs, 30-4%]. The tetvaethylammonium salt was 
washed with ethanol (5 ml.), recrystallised from hot methanol or acetone, and dried in vacuo 
as above [Found: U(rv), 27-6; NO,~, 42-3; total N, 12-8; C, 22-4; H, 4-6. (Et,N),U(NO,), 
requires U(Iv), 27-3; NO,~, 42-7; total N, 12-9; C, 22:2; H, 4-6%]. 

(d) Starting materials were prepared as previously described.® 

Analysis.—(a) NN-Dimethylacetamide was determined as already described.® 

(b) Nitrate was weighed as nitron nitrate,“ since the Kjeldahl method gave rather low 
results. 

(c) Uranium(Iv) was determined by titration to uranium(v!1) with permanganate or dichrom- 
ate. Nitrate ion is reported to interfere with the dichromate titration, but we found that 
titration in the presence of sulphamic acid gave concordant results with both reagents. 

(d) Cesium was weighed as hexachlorostannate,! uranium having first been removed by 
precipitation as hydroxide by calcium hydroxide. 

(e) Tetraethylammonium ion. Nitrogen determinations by the Kjeldahl method were 


11 Vogel, ‘‘ Textbook of Quantitative Inorganic Analysis,’’ Longmans, Green and Co., London, 1953, 
p. 505. 

12 Treadwell and Hall, ‘‘ Analytical Chemistry,” John Wiley and Sons, Inc., New York, 1945, Vol. II, 
p. 286. 
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low even after prolonged digestion. Total nitrogen by the Dumas method gave better results; 
carbon and hydrogen were found by combustion. 

Infrared Spectra.—Spectra of the tetranitrate-dimethylacetamide complex were observed 
as mulls in Fluolube and Nujol; a Hilger H800 spectrometer with sodium chloride and cxsium 
bromide prisms was used. 


The authors are indebted to Mr. A. M. Deane of the Spectroscopy Group for the infrared 
spectra. 


UNITED KinGpom Atomic ENERGY AUTHORITY, 
A.E.R.E., HARWELL, Dipcot, BERKs. [Received, May 2nd, 1961.] 





792. NN-Di-(1-cyanoalkyl)hydroxylamines. Part I. The 
Preparation of NN-Di-(1-cyanoalkyl)hydroxylamines. 
By MAasAIcHIRO MAsulI, YOSHISUKE TsuDA, and CHINO YIJIMA. 


NN-Di-(1-cyanoalkyl)hydroxylamines were obtained as by-products in 
the reaction between aliphatic oximes and hydrogen cyanide. The mechan- 
ism of the reaction proceeding by way of an aliphatic nitrone (which is only 
recognised by physicochemical methods) was disclosed chemically by prepar- 
ing the compounds from various starting materials and by various methods. 
The generality of the synthetic methods was shown by preparing several 
symmetrical and unsymmetrical compounds. ~ 


OxiMEs (II) of aldehydes and ketones (I) in general react with hydrogen cyanide to produce 
«-hydroxyamino-nitriles (III).1_ When this reaction was carried out with butyraldoxime 
(I; Rt = Pr, R? = H) a small amount of a colourless substance, C,,H,,N,O, m. p. 150— 
151°, was obtained as well as the hydroxyamino-nitrile (III; R! = Pr", R? =H). The 
infrared spectrum of the by-product showed bands at 2247 cm.“ (C=N; in Nujol) and 3594 
(OH; in CCl,) or 3328 cm. (OH; in Nujol); the acetate did not show the latter band 
and developed the absorption peak at 1789 cm.*, assigned to OAc,” but had no absorption 
due to NAc.? Since the vo=o of the acetate is shifted to higher frequency than usual for 
enol acetates,? the absorption band is most likely to be attributable to N-OAc. The 
absorption band for 8yq (1497 cm.!; in Nujol) * observed in the spectrum of the product 
(III), is also absent for these two compounds. The spectral evidence, combined with the 
existence of the absorption 1071, 829, and 816 cm.* assigned to G-N-C,8 and the polaro- 
graphic behaviour which is markedly different from that of «-hydroxyaminovaleronitrile 
having a -CH(CN)-NH-OH grouping, present a decisive argument in favour of the structure 


(>N-OH (A) and (B), and exclude (C). 


Pr=CH—N—CHPr rt mex Pr™C(CN)*NH°OH 
CN OHCN CN OH CH,°CN Pr™CH°CN 
(A) (B) (C) 


The relatively simple infrared spectrum of the compound and the fact that iminodi- 
nitriles are obtained as by-products in the Strecker reaction * strongly favour the structure 
NN-di-(1-cyanobutyl)hydroxylamine (A). 

Similar products having the formula of [2 x (III) — NH,O] were also obtained on 
reaction of hydrogen cyanide with other aldoximes, and the production of such compounds 
appears to be general. 

? Miller and Pléch, Ber., 1893, 26, 1545; Miinch, Ber., 1896, 29, 62; Hurd and Longfellow, /. Org. 
Chem., 1951, 16, 761. 

? Bellamy, “‘ Infra-red Spectra of Complex Molecules,” Methuen, London, 1958. 


3 Unpublished work. 
* Erlenmeyer and Sigel, Annalen, 1875, 176, 341; Stadnikoff, Ber., 1908, 41, 4364; 1911, 44, 38. 
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Though the formation of these compounds might be considered as elimination of 
hydroxylamine from two molecules of «-hydroxyamino-nitrile (III), the annexed process 
seems more plausible. In this, part of the oxime (II) or/and the «-hydroxyamino-nitrile 
(III) is decomposed to give original carbonyl compound (I), which reacts with the hydroxy- 
amino-nitrile to produce the nitrone (IV); then hydrogen cyanide adds to the nitrone, 
yielding the NN-di-(l-cyanoalkyl)hydroxylamine (V). In confirmation, «-hydroxy- 
amino-nitriles decompose slowly in air at room temperature; when heated with water they 
decompose faster and completely, liberating hydrogen cyanide; when the decomposition 
is not allowed to proceed to completion and the solution is then cooled, the NN-di-(1-cyano- 
alkyl)hydroxylamine (V) is obtained. Further, if our mechanism is correct, addition of 
hydrogen cyanide to the nitrone (IV) should afford the same product (V), and any 
symmetrical and unsymmetrical compound (V) could be prepared by carrying out the 
reaction step by step. 

Aliphatic nitrones, in contrast to alicyclic nitrones,®-* considered only as intermediates 
of some reactions,® have been very little studied and their physical properties have not 
previously been described. When a-hydroxyaminovaleronitrile was mixed with butyr- 
aldehyde alone or in an organic solvent such as ethanol or chloroform an exothermic reaction 
occurred, with development of a new ultraviolet absorption peak (Amax, at 240 my in ethanol) 
and a new infrared absorption band (vmax. at 1590 cm. in chloroform) very similar to 
those of alicyclic nitrones.6 The intensities of absorption peaks are stable in acidic 
media. The mixture gives two fairly well-defined polarographic waves (E; ca. —0-76 and 
—1-04 v vs. S.C.E. at pH 2) which are constant for several days at room temperature. 
These findings are strongly in favour of the existence of a nitrone (IV) which is stable in 
acidic medium.’ NN-Di-(l-cyanobutyl)hydroxylamine (V; R! = R? = Pr*, R? = R4 = 
H) was produced in good yield on addition of hydrogen cyanide to the reaction mixture, 
as expected. 

NH,-OH HCN 
RIR?CO [> RIR#C=N-OH SS RIRFC(CN)*NH-OH 
(I) (II) (III) 
HCN 
R'R®?C(CN)NH‘OH + R°R‘CO RIRIC——N*=CRR! ees RIRIC i: tee sas 
CN O- CN OH CN 
(IV) (Vv) 

When potassium cyanide was added to the aqueous acidic reaction mixtures containing 
a nitrone (IV), the NN-di-(l-cyanoalkyl)hydroxylamine was obtained, as in the 
above procedure. According to the scheme proposed, reactions of COR!R? with 
NC-CR®R**NH-OH and of COR®R* with NC-CR!R**NH-OH might give different nitrones 
but should give identical final products (V), and this also was found experimentally (see 
Experimental section). Thus our reaction mechanism has been confirmed chemically. 

Formation of the nitrone was not indicated for a mixture of acetoxime and «-hydroxyl- 
aminovaleronitrile by spectrophotometric or polarographic methods, but production of 
similar compounds by the above procedure and the fact that the physical methods are not 
sensitive within a few percent, led us to conclude that mixtures of ketones and «-hydroxy- 
amino-nitriles can be employed as generators of aliphatic nitrones. 

These methods have been applied to various «-hydroxyamino-nitriles and carbonyl 
compounds to afford various symmetrical and unsymmetrical NN-di-(l-cyanoalkyl)- 
hydroxylamines (V) and thus confirm the method as a general one. 


5 (a) Johnson, Rogers, and Trappe, J., 1956, 1093; (b) Brown, Marsden, Rogers, Tylor, and Wright, 
Proc. Chem. Soc., 1960, 254; (c) LeBel and Whang, J. Amer. Chem. Soc., 1959, 81, 6334. 

® Todd et al., J., 1959, 2094, 2102, 2105, 2109, 2117, 2123; Proc. Chem. Soc., 1957, 97; Thesing and 
Mayer, Ber., 1956, 89, 2159; Annalen, 1957, 609, 46; Delpierre and Lamchen, Proc. Chem. Soc., 1960, 
386. 


? Details will be reported later. 




















n of 
OCeSS 
itrile 
Oxy- 
rone, 
oxy- 
they 
ition 
rano- 
on. of 

any 
t the 


liates 
> not 
utyr- 
ction 
anol) 
ar to 
icidic 
> and 
iture. 
ble in 
R* — 


‘ture, 


Lining 
1 the 
with 
rrones 
y (see 
y. 

roxyl- 
ion of 
re not 
lroxy- 


bonyl 
ilkyl)- 


‘right, 


1g and 
, 1960, 











(1961) NN-Di-(1-cyanoalkyl)hydroxylamines. Part I. 4065 


EXPERIMENTAL 

Infrared Absorption Spectra.—A Hitachi EPI-2 double-beam prism spectrophotometer with 
a sodium chloride cell was used for Nujol and CHCl, solutions; for the latter a cell with a 
0-01 mm. light path was used with saturated solutions. A Koke DS-301 prism s.p.m. was 
used for CCl, solutions, with a light path of 20-0 mm. and concentrations < 10 mole/l. 

Ultraviolet Absorption Spectra.—A Beckman DU type and a Hitachi automatic recording 
EPS-2 spectrophotometer were used. 

Polarography.—Yanagimoto type PEL-3 apparatus with a GR-3 galvarecorder was used. 
Measurements were carried out at 25° 4+- 0-1°. Buffer solutions used were Britton and Robinson’s 
containing 0-1M-potassium chloride. The pH’s of the solutions were measured by a Toadempa 
model HM-5 pH meter with glass-saturated calomel electrodes. 

Light petroleum had b. p. 62—80°. «-Hydroxyamino-nitriles were prepared from the 
oximes and hydrogen cyanide. 

Occurrence of NN-Di-(1-cyanopropyl)hydroxylamine.—When the filtrate from the reaction 
mixture of propionaldoxime and hydrogen cyanide after filtration from «-hydroxyaminobutyro- 
nitrile, or the coloured filtrate from the recrystallisation of crude «-hydroxyaminobutyro- 
nitrile, was left at room temperature for several days in air, needles were precipitated. 
Recrystallisation of these from water gave colourless NN-di-(1-cyanopropyl)hydroxylamine, 
m. p. 138-5—139° (Found: C, 57-4; H, 7-7; N, 25-1%; M, 167. C,H,,;N,O requires C, 57-5; 
H, 7:8; N, 25-1%; M, 167). Sometimes the compound was precipitated as a heavy powder 
fractionally when crude «-hydroxyaminobutyronitrile was recrystallised from ether. 

Similarly obtained were NN-di-(1-cyanobutyl)hydroxylamine, m. p. 150—151° (from aqueous 
ethanol) (Found: C, 61-5; H, 8-8; N, 21-5. C,,H,,N,O requires C, 61-5; H, 8-8; N, 21-5%), 
and NN-di-(1-cyanoheptyl)hydroxylamine, m. p. 132—138-5° (from aqueous ethanol) (Found: 
C, 68-8; H, 10-6; N, 15-0%; M 277. C,,H,N,O requires C, 68-8; H, 10-5; N, 15-0%; M, 
279). These products are soluble in ethanol and ether, but not soluble in light petroleum or 
water, except the first one which is slightly soluble in water. 

Preparative Method.—(A) «-Hydroxyaminovaleronitrile (0-3—0-5 g.) was dissolved in 
ethanol (several ml.), then water was added so that the ethanol content became 10—30%. 
The mixture was gently heated but as soon as it reached the b. p. it was cooled at once. Needles 
were precipitated from the solution; these were NN-di-(l-cyanobutyl)hydroxylamine, m. p. 
150—151° (from aqueous ethanol) (see above). With too long heating, decomposition was 
complete and crystals were not obtained. NN-Di-(l-cyanopropyl)- and NN-di-(1-cyano- 
heptyl)-hydroxylamine were prepared similarly. 

(B) To an approximately equimolar mixture of butyraldehyde and butyraldoxime a slight 
excess of hydrogen cyanide was added and the whole was kept at room temperature for a few 
days. Removal of excess of hydrogen cyanide in a stream of air and removal of the resulting 
crystals gave impure NN-di-(l-cyanobutyl)hydroxylamine; recrystallisation from aqueous 
ethanol gave the pure product, m. p. 150—151°. 

(C) «-Hydroxyaminovaleronitrile (0-5 g.) and butyraldehyde (0-4 g.) were warmed in 
ethanol (5 ml.) to ~40°, though this was not always necessary, for about 1 hr. and then cooled 
and treated with hydrogen cyanide (1 ml.). After 12—48 hr. evaporation under reduced 
pressure left the hydroxylamine, m. p. 150—151° (from aqueous ethanol) (ca. 50%). From 
the mixture, without ethanol, treated as above, the same crystals were obtained. The other 
two hydroxylamines described above were prepared similarly, and also the following: 

(i) NN-Di-(1-cyanoethyl)hydroxylamine was prepared from 1 mol. each of «-hydroxyamino- 
propionitrile and acetaldehyde, as prisms, m. p. 133—134° (from CHCl,) (Found: C, 51-8; H, 
6-6; N, 30-5. C,H,N,O requires C, 51-8; H, 6-5; N, 30-2%), very soluble in ethanol and water, 
but hardly soluble in ether. , 

(ii) N-(1-Cyanobutyl)-N-(1-cyanopropyl)hydroxylamine was prepared from (a) a-hydroxy- 
aminovaleronitrile and propionaldehyde and (b) «-hydroxyaminobutyronitrile and butyr- 
aldehyde, as needles, m. p. 132—-133° (from aqueous ethanol) (Found: C, 59-5; H, 8-3; N, 23-2. 
C,yH,,;N,O requires C, 59-6; H, 8-3; N, 23-2%), soluble in ether and ethanol, but insoluble in 
light petroleum or water (identity was shown by mixed m. p.s and infrared absorption spectra). 

(iii) N-(1-Cyanobutyl) -N-(1-cyano-octyl)hydroxylamine, from a«-hydroxyaminovaleronitrile 
and octanal, formed needles, m. p. 120—121° (from hexane) (Found: C, 67:0; H, 10-1. 
C,,H,;N,0 requires C, 66-9; H, 10-0%), soluble in ether and ethanol, but not in light petroleum 
or water. 
6R 
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(iv) N-(1-Cyanobutyl)-N-(l-cyanodecyl)hydroxylamine was prepared from 1-hydroxyamino- 
valeronitrile and decanal. Evaporation of the excess of hydrogen cyanide and ethanol left a 
wax that crystallised from hexane as needles, m. p. 117—118° (Found: C, 69-1; H, 10-5; N, 
15-0. C,gH,gN,O requires C, 68-8; H, 10-5; N, 15-0%), soluble in ethanol, ether, and hot 
light petroleum, but not in water. 

(v) Ethyl methyl ketone (ca. 2-5 ml.) was warmed with a«-hydroxyaminovaleronitrile (0-5 g.) 
at 40—50°, then hydrogen cyanide (ca. 0-5 ml.) was added and the whole set aside for about a 
week at room temperature. Evaporation in a vacuum-desiccator left a solid, which was washed 
with light petroleum. This was very soluble in ether, so that it was dissolved in a very little 
ether and light petroleum was added to recrystallise it. N-(1-Cyanobutyl)-N-(1-cyano-1-methyl- 
propyl)hydroxylamine formed rhombs, m. p. 55—56° (Found: C, 61:3; H, 8-7; N, 21-2. 
Ci9H,,N,O requires C, 61-5; H, 8-8; N, 21-5%), very soluble in ether and ethanol, soluble in 
hot light petroleum, and hardly soluble in water. 

(D) An ethanolic solution of butyraldehyde (0-4 g.) was added to «-hydroxyaminovaleronitrile 
(0-5 g.) in 50% aqueous ethanol (10—20 ml.) and warmed at about 40° for several minutes. 
10% Sulphuric acid (5—6 ml.) and then an aqueous solution of potassium cyanide (0-4 g.) were 
added and the whole was set aside but was maintained acidic. If the solution became cloudy 
when the cyanide was added (precipitation of potassium sulphate), water was added to 
homogeneity. Colourless needles of the hydroxylamine appeared, usually in several hours, 
but as completion of the reaction was rather slow, it was better to filter them off only after 
several days and after addition of much water. From the filtrate more crystals appeared in 
another 2 or 3 weeks. The hydroxylamine crystals, washed with light petroleum, had m. p. 
150—151° (from aqueous ethanol) (ca. 65%). 

Similarly prepared were: 

(i) N-(1-Cyanobutyl)-N-(1-cyanoisobutyl)hydroxylamine [from a-hydroxyaminovaleronitrile 
(0-5 g.), isobutyraldehyde (0-34 g.), 10% sulphuric acid (6 ml.), and potassium cyanide 
(0-4 g.) in aqueous ethanol], m. p. 129—130° (from aqueous ethanol) (Found: C, 61-3; H, 
8-8; N, 21-3. C,9H,,N,O requires C, 61-5; H, 8-8; N, 21-5%), soluble in ethanol and ether 
but not in light petroleum or water. 

(ii) N-(1-Cyanodecyl) -N-(1-cyanoethyl)hydroxylamine [from 1-hydroxyaminopropionitrile 
(0-76 g.), decanal (1-38 g.), etc.], m. p. 107—108° (irom ether-light petroleum, then aqueous 
ethanol) (Found: C, 67-0; H, 9-9; N, 16-6. C,gH,,ON, requires C, 66-9; H, 10-0; N, 16-7%), 
soluble in ethanol and ether, hardly soluble in light petroleum or water. (This reaction was 
carried out in the presence of precipitated potassium sulphate; addition of water at this stage 
led to only the hydroxyamino-derivative.) 

(iii) N-(1-Cyanobutyl)-N-(1-cyanodecyl)hydroxylamine, obtained from (a) «-hydroxyamino- 
valeronitrile (1 g.) and decanal (1-38 g.), or (b) 1-hydroxyaminoundecanonitrile [m. p. 89° (from 
ether-light petroleum) (Found: C, 66-6; H, 11-1; N, 14-1. (C,,H,.N,O requires C, 66-6; H, 
11-2; N, 14-1%)] (1-7 g.) and butyraldehyde (0-64 g.), with acid and cyanide, had m. p. and 
mixed m. p. 117—118° (from ether-light petroleum) and identical infrared spectra. 

(iv) «-Hydroxyaminopropionitrile (0-76 g.), butyraldehyde (0-64 g.), 10% sulphuric acid 
(12 ml.) and potassium cyanide (0-8 g.) were set aside for several days then extracted with ether. 
The extract was dried (Na,SO,) and evaporated to give needles of N-(1-cyanobutyl)-N-(1-cyano- 
ethyl)hydroxylamine, m. p. 122—123° (from aqueous ethanol) (Found: C, 57-9; H, 7-9; N, 25-1. 
C,H,,N,O requires C, 57-5; H, 7-8; N, 25-1%). 

(v) After reaction of (a) «-hydroxyaminovaleronitrile (0-5 g.), acetone (0-26 g.), 10% 
sulphuric acid (6 ml.), and potassium cyanide (0/4 g.), or (b) «-hydroxyaminoisobutyronitrile 
(0-44 g.), butyraldehyde (0-32 g.), 10% sulphuric acid (8 ml.), and potassium cyanide (0-6 g.), 
the ethanol and water were removed under reduced pressure until a white precipitate appeared, 
and then the mixture was extracted with ether. The ethereal solution gave N-(1-cyanobutyl)- 
N-(1-cyano-1-methylethyl)hydroxylamine, m. p. 88—89° (from ether-light petroleum) (Found: 
C, 60-0; H, 8-4; N, 23-4. C,H,,N,O requires C, 59-6; H, 8-3; N, 23-2%), soluble in ethanol, 
ether, and hot water, but hardly soluble in cold water or light petroleum. 

(vi) N-(1-Cyanobutyl)-N-(1-cyanocyclohexyl)hydroxylamine crystallised from the reaction 
mixture [«-hydroxyaminovaleronitrile (0-5 g.), cyclohexanone (0-46 g.), etc.] as needles, m. p. 
132—132-5° (from aqueous ethanol) (Found: C, 65-0; H, 8-7; N, 18-8. C,,.H,,N,O requires C, 
65-1; H, 8-7; N, 19:0%). 

O-Acetyl-NN-di-(1-cyanobutyl) hydroxylamine.—N N-Di-(1-cyanobutyl)hydroxylamine (0-5 g.) 
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was left in pyridine (5 ml.) and acetic anhydride (2 ml.) overnight, then poured into ice-water, 
and the precipitate was filtered off (0-5 g.); the O-acetate crystallised in needles, m. p. 50—51°, 
from ether-hexane (Found: C, 60-6; H, 7:9; N, 17-9. C,,H,gN,O, requires C, 60-7; H, 8-1; 
N, 17-7%). 





The authors thank Mr. Hiroteru Sayo and Miss Miyoko Suzuki for assistance with the 
experimental work. 
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793. Oxidative Pairing of Phenolic Radicals. Part I. The 
Total Synthesis of Griseofulvin. 


By A. C. Day, J. NABNEy, and A. I. Scorrt. 


Oxidation of synthetic 3-chloro-2,4’-dihydroxy-2’,4,6-trimethoxy-6’- 
methylbenzophenone (XVII) with potassium ferricyanide leads to (-+-)-de- 
hydrogriseofulvin (XVIII) in 60% yield. Reduction of the latter with a 
rhodium-selenium catalyst gives, in addition to compound (XVII) and di- 
hydrogriseofulvin, (+)-griseofulvin (XIX), which has been resolved by 
conversion into (+)-griseofulvic acid. Dehydrogenation of griseofulvin 
with selenium dioxide gives (—)-dehydrogriseofulvin which, with the benzo- 
phenone (XVII), has been isolated from Penicillium patulum. 


It has been recognised for many years that oxidation of phenolic intermediates is an 
important step in the biogenesis of diverse types of natural product.1% The generation 
of a radical from a phenol takes place under the influence of an oxidising agent of the 
required potential * for the removal of the phenolic hydrogen atom, or an electron from 
the corresponding phenoxide anion. The resultant phenoxy! radical may be stabilised 
by additional substituents (e.g., 2,6-di-t-butyl) which prevent self-condensation. The 
phenolic radical owes its stability to contributions from ortho- and para-resonance forms 
(as I and II) which, in the case of lightly substituted phenols, can lead to dimeric and 


one Oy 7 


(IT) (IIT) 
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OH ad ” nn a @ 
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polymeric products, either by symmetrical (e.g., I —» III) or non-symmetrical (I + IT) 
carbon-carbon couplings. Oxygen-carbon and oxygen-oxygen coupling are rarer but 
authenticated processes. 


In 1956 Barton and his co-workers * presented a unifying treatment of the oxidative 


(I) + (IT) 


* Such an oxidant is defined as a one-electron transfer oxidising agent. ” 


1 Erdtman, Research, 1959, 3, 63, and refs. cited. 

? Robinson, ‘‘ Structural Relations of Natural Products,’’ Oxford University Press, Oxford, 1955. 
3 Freudenberg, Nature, 1959, 188, 1152. 

4 Barton, Deflorin, and Edwards, J., 1956, 530. 
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pairing of phenolic radicals based on the interpretation of the structure and genesis of 
Pummerer’s ketone (VI), a product of the one-electron transfer oxidation of p-cresol. The 
mechanism of formation of this dimer can be regarded as the unsymmetrical carbon- 
carbon pairing of two /-tolyl radicals to give the intermediate (IV) (route a), whose 
tautomer (V) can undergo $-addition of the phenolic hydroxyl group to the dienone system 
(V —» VI).* 

The profound biogenetic implication of this concept was illustrated by a two-step 
synthesis of usnic acid via oxidative dimerisation of methylphloracetophenone. (For 
reviews see refs. 5 and 6.) 

Although excellent laboratory analogy is now available for those radical-pairing pro- 
cesses which result in dimeric and polymeric products of coupling (e.g., usnic acid, gossypol,’ 
lignin %), the formation of C-C and C-O bonds by intramolecular radical pairing reactions, 
which has considerable relevance for the biogenesis of many systems, has not hitherto 
formed the basis of extensive experimental study (see, however, refs. 8 and 9). It is 
therefore the purpose of the present series to provide some experimental analogy for such 
intramolecular bond-making processes. 

To this end we have synthesised several types of the precursors suggested by the 
concepts of the radical-coupling theory of biogenesis and have subsequently examined 
the effect of suitable oxidising agents on such progenitors. We cannot claim to have 
established the relationships which obtain between oxidant and substrate in vivo, but 
the experiments to be described in this and succeeding papers illustrate that the principles 
of intramolecular radical pairing can be applied successfully to intermediates of suitable 
structure under acceptably mild reaction conditions. 
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OH HO OH ° 
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An early example !° of intramolecular coupling is provided by the oxidation of 1,2-bis- 
o-hydroxyphenylethane (VIII) to the spiro-dienone (IX) with potassium ferricyanide— 
a result which augured well for the construction of the main features of several fungal 


* It is implicit in Barton’s description that in many cases it is not possible to distinguish between 
such a pairing process and an alternative mechanism involving substitution of the radical (II) into the 
nucleus ol the phenol, followed by a second oxidation of the intermediate radical (VII) to the observed 
product (route b). We prefer to adopt the former convention as a working hypothesis throughout this 
series. 


5 Barton and Cohen in “ Festschrift A. Stoll,” Birkhauser, Basle, 1957, p. 117. 
§ Erdtman and Wachmeister, ref. 4, p. 114. 

7 Edwards, ]. Amer. Chem. Soc., 1958, 80, 3798. 

8 Barton and Kirby, Proc. Chem. Soc., 1960, 392. 

® Brown, Clark, Ollis, and Veal, Proc. Chem. Soc., 1960, 393. 

® Fries and Brandes, Annalen, 1939, 542, 48. 
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metabolites. Other relevant oxidations include the carbon-to-carbon coupling of the 
bisdihydroxyphenylethane (X) to the quinone (XI) ™ and the carbon-oxygen pairings 
of 2,2’-dihydroxy-1,1'-binaphthyl !* (XII —» XIII) and of bis-(2-hydroxy-1-naphthyl)- 
methane #3 (XIV —» XV). 

It is noteworthy that although these experiments (which we regard as useful models 
for coupling reactions) together with the oxidation of p-cresol and the successful synthesis 
of usnic acid, are indicative of the generality of such oxidations, the simplest model system 
relevant to at least two important categories of natural phenol failed to undergo oxidation. 
The marked difference in the reactivity between these models and their congeners of natural 
substitutional pattern may be due to the effects of radical stabilisation or oxidation 
potential of the substance, to specificity of the one-electron transfer, or to a combination 
of these factors. Such considerations will form the basis of experiments to be described 
in this and later papers. 

In this paper we consider griseofulvin, which represents an interesting combination 
of acetate and radical-pairing pathways of biogenesis.:16 The remarkable properties of 
griseofulvin as the “ curling factor ’’ 1” and more recently as an important oral antibiotic 
in the treatment of fungal diseases of man have been reviewed by Brian.'8 

Biogenetic dissection of the griseofulvin molecule into poly-6-ketone (XVI) and oxid- 
ation sequences was made by Barton and Cohen,® who suggested that a benzophenone 
(as XVII) derived from acetate could undergo C—O coupling of the derived diradical leading 
to dehydrogriseofulvin (XVIII) and hence to griseofulvin (XIX) by enzymic reduction. 
Tracer studies by Birch * have demonstrated that seven units of acetic acid are incorporated 


MeO Q OMe MeO QO OMe 
oO e 
fe) == 
Oo CO3H MeO @ OH & OH wht 
Cl Me Cl 2 Me O 
(XVI) (XVII) \f 
OMe i OMe MeO Oo OMe MeO O OMe 
—_ .« 
MeO OH Me O+CO,Me MeO ° MeO ” 
Cl o - a Ci O Me 
(XX) ’ oon (XIX) (XVIII) 


into griseofulvin by head-to-tail.condensation as summarised in expression (XVI). We 
therefore sought to provide some confirmation of the radical-pairing sequence by examin- 
ing the oxidation of the benzophenone (XVII). 

The required precursor (XVII) was synthesised by unexceptional methods * involving 


OMe Me 
* Many attempts to achieve a synthesis of the benzophenone R 
(XVII) by condensations of substituted phloroglucinolcarboxylic MeO OR’ MeO oR’ 
acids (as i) or nitriles as (ii) and orcinol derivatives (as iii) led Cl 
only to recovery of starting materials or to decarboxylation of (i). . 
Some of these efforts are described in the experimental section. (i); R= CO (iii) 
(ii); R= CN 


11 Erdtman, Annalen, 1933, 505, 195. 

Pummerer and Luther, Ber., 1918, 51, 1102. 

Pummerer and Cherbuliez, Ber., 1914, 47, 2987. 

Davidson, Nabney, and Scott, unpublished observations. 

45 Grove, Macmillan, Mulholland, and Rogers, J., 1952, 3977; and numerous papers in that series. 
Oxford, Raistrick, and Simonart, Biochem. J., 1939, 33, 240. 

Brian, Curtis, and Hemming, Trans. Brit. Mycol. Soc., 1946, 29, 173; McGowan, ibid., p. 188. 
Brian, Trans. Brit. Mycol. Soc., 1960, 48, 1. 

19 Birch, Massy-Westropp, Rickards, and Smith, J., 1958, 360. 
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Friedel-Crafts interaction of 2-chloro-3,5-dimethoxyphenol™ (XX) and O-methoxycarbonyl- 
everninoyl chloride #4 (XXI). Since the latter was extremely labile in moist air its solution 
in nitrobenzene had to be prepared and brought into reaction with the phenol as rapidly 
as possible. Brief alkaline treatment of the resultant methoxycarbonyl derivative gave 
3-chloro-2,4’-dihydroxy-2’,4,6-trimethoxy-6’-methylbenzophenone (XVII) which was iden- 
tical with the metabolite, griseophenone A, isolated from P. patulum,™ and with the 
benzophenone obtained by degradation of griseofulvin by the following procedure. 

Dehydrogenation of (XIX) with selenium dioxide in t-butyl alcohol-acetic acid gave 
(—)-dehydrogriseofulvin (XVIII), which was identical with the compound, m. p. 270— 
275°, isolated 2 from P. patulum. NHydrogenation of (XVIII) over a palladium or platinum 
catalyst or by hydrogen transfer from cyclohexene over palladium * (see Experimental) 
gave an almost quantitative yield of the benzophenone (XVII) by a process which repre- 
sents the reversal of our projected synthesis and, furthermore, which allows of access 
to the benzophenone (XVII) from the readily available starting material, griseofulvin. 


MeO O Me 


me HO OQ Me 
Fe Bi 
69 OP at ee. 
MeO 
Ct = OMe fe) - 
(XXII) aves (XXII) 


The choice of this benzophenone for our first illustration of intramolecular coupling 
was governed by the expectation that the neutral product of such oxidation (XVIII), 
would be precipitated from an alkaline oxidation medium and would thus be protected 
from further degradative or polymerisation. In the event, addition of potassium ferri- 
cyanide (3 equivs.) to a solution of the benzophenone (XVII) in sodium carbonate solution 
in an inert atmosphere at 20° precipitated a neutral compound in 50—60% yield after 
20 minutes. That this material had the desired structure was shown by its elemental 
analysis and light absorption, which were identical with those of (—)-dehydrogriseofulvin. 

By the very excellence of its yields, the hydrogenolysis of the compound (XVIII) to 
the benzophenone (XVII) had now become the major obstacle to the final reductive step 
of the synthesis.’ The many hydrogenations (see Experimental) which caused quantit- 
ative hydrogenolysis of the carbon-oxygen bond led us to examine the use of a rhodium 
catalyst. (—)-Dehydrogriseofulvin was hydrogenated in ethanolic solution over 
rhodium-—charcoal (5%) and the uptake stopped at 1-0 mole; removal of the alkali-soluble 
benzophenone (XVII) left a neutral residue (ca. 30°) which on chromatography afforded 
griseofulvin (8%). No other material of the same oxidation level as griseofulvin was 
encountered and we must assume that the hydrogenation of the dienone (XVIII) has 
followed a stereospecific course. 

To obtain stereochemically homogeneous (-+-)-griseofulvin from the racemic dehydro- 
compound, the latter was now subjected to the hydrogenation conditions established 
above, but the total neutral material constituted only 2% of the hydrogenation product. 
We found the explanation of this result in the presence of traces of selenium in (—)-de- 
hydrogriseofulvin, introduced in course of its preparation. Addition of selenium dioxide 
(3%) to rhodium-charcoal followed by prereduction to a selenium-rhodium catalyst now 


* Experiments designed to circumvent direct hydrogenolysis by reduction with sodium borohydride 
and lithium aluminium hydride led to small yields of products whose spectra indicated profound changes 
in the spirodienone ring. These structures are now being studied; two are described in the Experimental 
Section. 


20 Grove, Macmillan, Mulholland, and Zealley, J., 1952, 3967. 

*1 Fischer and Hoesch, Annalen, 1912, 391, 347. 

22 McMaster, Scott, and Trippett, J., 1960, 4628. 

*3 Cf. Braude, Linstead, and Jackman, /., 1954, 3578. 

*4 Trapnell, ‘‘ Chemisorption,’’ Butterworths, London 1955, p. 224. 
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provided the means of converting racemic dehydrogriseofulvin into a neutral product in 
30% yield. Chromatography of this over alumina gave first (-+-)-dihydrogriseofulvin 
(10%), having identical light absorption with a sample of (—)-dihydrogriseofulvin prepared 
as described by Mulholland.%* Later fractions afforded material (8°%), whose infrared and 
ultraviolet spectra were identical with the data for naturally occurring griseofulvin (XIX). 
Further elution gave unchanged dienone (XVIII) (8—10%). From the alkaline extract 
of the hydrogenation a 70% yield of the benzophenone (XVII) could be isolated. Acidic 
hydrolysis of the racemate of griseofulvin (XIX) now gave (-+-)-griseofulvic acid. 
Treatment of racemic griseofulvic acid with quinine methohydroxide ”’ gave the quinine 
metho-salt which after several recrystallisations was identical (Fig.) with the salt from 
natural griseofulvic acid. Active griseofulvic acid was regenerated by passing a solution 
of the synthetic salt in methanoi through a column of Amberlite-IR 120(H) resin. We 
thus obtained (+-)-griseofulvic acid identical with an authentic sample.6 The formal 





Absorbance 


Oe nntiannagintl 
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C00 ; eee | 
Wavenumbers (m7!) 
(+-)-Griseofulvic acid quinine metho-salt: (a) natural; (b) synthetic (as potassium 
chloride discs) (curve a has been displaced vertically). 


total synthesis of griseofulvin is thus secured,’ as the conversion of griseofulvic acid into 
griseofulvin has been described previously." 

The synthesis described above has considerable bearing on the biogenesis of the mould 
metabolites of Penicillium patulum, as isolation of the compounds (XVII), XVIII),“ 
(XXII), and (XXIII) from this micro-organism * are in full accord with the postulated 
intervention of the hepta-8-ketone (XVI), which by various transformations of acceptable 
mechanism accounts for the presence of such compounds in the fermentation. Whether 
these represent by-products of the metabolism or true intermediates will only be determined 
by the appropriate tracer experiments now in hand. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block. Ultraviolet spectra were measured in ethanol 
and infrared spectra in chloroform solution unless specified otherwise. Alumina for chromato- 
graphy was neutralised and standardised according to the Brockmann scale. Silica gel for 
chromatography was supplied by Messrs. Hopkin and Williams. The phrase “in the usual 


* The preliminary announcement of the completion of this work coincided with the conclusion * of 
a synthesis of the antibiotic by another route in the laboratories of Hoffman-La Roche (Basle). We are 
indebted to Dr. A. Brossi for kindly communicating his results to us before publication. 

4 The syntheses of (XVII) and (XVIII) in the present work incidentally provide proof of structure 
of these metabolites of P. patulum.** 


25 Brossi, Baumann, Gerecke, and Kyburz, Helv. Chim. Acta, 1960, 48, 1444. 
26 Mulholland, /]., 1952, 3987. 
*7 Major and Finkelstein, J. Amer. Chem. Soc., 1941, 68, 1368. 
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way ”’ refers to dilution with water, extraction with chloroform and/or ether, and washing succes- 
sively with dilute sodium hydrogen carbonate solution, dilute sulphuric acid, and water followed 
by azeotropic removal of solvents and water on the steam-bath under reduced pressure, more 
chloroform being added when necessary. Light petroleum refers to the fraction, b. p. 60—80°. 

3-Chloro-2,4,6-trimethoxybenzoic Acid.—This acid, prepared from the corresponding methyl 
ester,** formed needles (from chloroform), m. p. 188—190° (Found: C, 48-75; H, 4-4; Cl, 14-2. 
C,9H,,ClO; requires C, 48-7; H, 4-5; Cl, 14.4%). When the acid (150 mg.), orcinol dimethyl 
ether (150 mg.), zinc chloride (400 mg.), and phosphorus oxychloride (1 g.) were heated for 
4 hr. at 70° and worked up in the usual way, chromatography over silica gel gave unchanged 
orcinol dimethyl ether and trimethylphloroglucinol as the sole isolable products, identified 
by m. p. and mixed m. p. Similar results were obtained by using polyphosphoric acid or 
anhydrous hydrogen fluoride and from experiments with the acid chloride in presence of 
aluminium chloride or stannic chloride. 

3-Chloro -2- hydroxy - 2’,4,6-trimethoxy - 4’ - methoxycarbonyloxy - 6’ - methylbenzophenone.—2 - 
Methoxy-4-methoxycarbonyloxy-6-methylbenzoic acid (100 mg.) was suspended in dry benzene 
(5 c.c.) and treated with oxalyl chloride (0-5 c.c.). Solution was complete after 4 hr. and, 
after a further 12 hr. at room temperature, solvent was removed under reduced pressure with 
careful exclusion of moisture. The residual crude acid chloride was dissolved in dry nitro- 
benzene (‘‘AnalaR;’”’ 10 c.c.) and 2-chloro-3,5-dimethoxyphenol (100 mg.) and aluminium 
chloride (50 mg.) were added rapidly. The resultant solution was kept at room temperature 
for 2 days then poured on ice (10 g.) and concentrated hydrochloric acid (1 c.c.). Isolation 
in ether gave the benzophenone (30 mg.) as pale yellow prisms (from aqueous ethanol), m. p. 
129—130° (Found: C, 55-9; H, 4-6; Cl, 8-2. C,9H,,ClO, requires C, 55-55; H, 4-7; Cl, 8-6%). 

3-Chloro-2,4’-dihydroxy-2’,4,6-trimethoxy-6’-methylbenzophenone (XVII).—An_ ether-nitro- 
benzene solution (10 c.c.) of the foregoing methoxycarbonyloxy compound (30 mg.) was stirred 
for 1 hr. with sodium hydroxide solution (4N; 10 c.c.). Acidification of the alkaline layer 
and isolation in ether followed by chromatography over silica gel gave, on elution with benzene- 
ether (50: 1), the benzophenone (25 mg.), m. p. 214—216°, Amax 298 and 340 muy (e 17,400 and 
5800), Vmax, 3330 (OH) and 1610—1615 cm. (bonded C=O) (Found: C, 57-8; H, 4-9; Cl, 10-2; 
OMe, 25-75. C,,H,,ClO, requires C, 57-9; H, 4-85; Cl, 10-1; 30Me, 26-4%). 

(—)-Dehydrogriseofulvin (XVIII).—A solution containing griseofulvin (12 g.) and selenium 
dioxide (19-2 g.) in t-butyl alcohol (500 c.c.) and acetic acid (“‘AnalaR;”’ 6 c:c.) was heated 
under reflux for 5 days in a nitrogen atmosphere.?® Sodium acetate (20 g.) was then added 
and reflux maintained for 20 min. Removal of solvents under reduced pressure, extraction 
of the residue with boiling chloroform, washing with aqueous ammonium sulphide, and working 
up in the usual way gave a neutral product (17-8 g.) contaminated with selenium. This was 
heated under reflux for 30 min. in benzene (400 c.c.) containing freshly precipitated silver 
(4 g.), and the filtered solution chromatographed over alumina (Grade III; 300 g.) in benzene. 
Elution with benzene-ethanol (99:1; 11.) and recrystallisation from chloroform-ether (1 : 3) 
gave the required dehydro-compound (5-9 g.). Further purification was made by heating the 
dienone (100 mg.) for 1 hr. with Girard reagent Pp (350 mg.) in acetic acid (10 c.c.), then pouring 
the solution into ice-cold sodium hydroxide solution (2N; 10 c.c.), adjusting the pH to 6, 
and working up in the usual way. Dehydrogriseofulvin, thus freed from the starting material, 
was chromatographed over alumina and eluted with benzene-ethanol (99:1) to give needles 
(from chloroform-ether), m. p. 270—273° and 281—282° (rapid heating) [265—268°/274—276° 
(slow heating)] with a transition (to plates) at 245°, [a],, —29° (c 0-80 in acetone); Amax, 238, 
292, and 330* mu (e 19,000, 34,000, and 5,500), vax 1726 (coumaranone) and 1671 cm.} 
(cyclohexadienone) (Found: C, 57-9; H, 4-5; OMe, 26-0. C,,H,,ClO, requires C, 58-2; H, 4-3; 
30Me 26-5%). Griseofulvin was recovered from solutions in boiling benzene and toluene 
containing chloranil or 2,3-dichloro-5,6-dicyano-p-benzoquinone *° after 7 days. 

(+) - Dehydrogriseofulvin.—3 - Chloro - 2,4’ - dihydroxy - 2’,4,6 - trimethoxy - 6’ - methylbenzo- 
phenone (XVII) (3-0 g.) was dissolved in a warm solution of sodium carbonate (20 g.) in deerated 
distilled water (1-5 1.), and the solution stirred at room temperature in a nitrogen atmosphere 





* This (erroneously) appeared as 350 mp in a previous publication by Day, Nabney, and Scott.*4 


28 Calam and Oxford, J., 1939, 280. 
29 Cf. Meystre, Frey, Voser, and Wettstein, Helv. Chim. Acta, 1956, 39, 734. 

30 Braude, Brooke, and Linstead, J., 1954, 3569; Burn, Kirk, and Petrow, Proc. Chem. Soc., 1960, 14. 
31 Day, Nabney, and Scott, Proc. Chem. Soc., 1960, 284. 
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while a (dexrated) solution of potassium ferricyanide (10 g.) in distilled water (1 1.) was added 
(1 hr.). Excessive foaming was avoided by use of silicone antifoam agent. Stirring was 
continued for a further 1} hr. and the neutral fraction (1-75 g.; 60%) isolated in the usual 
way from chloroform. Chromatography over silica gel and elution with benzene—ethanol 
(49:1) gave (+)-dehydrogriseofuluin as needles (from chloroform-ether), m. p. 270—272°, 
whose infrared (potassium chloride disc) and ultraviolet spectra were identical with those 
reported above for the (—)-compound (Found: C, 58-1; H, 4:4. C,,H,,;ClO, requires C, 58-2; 
H, 4:3%). Increasing the proportion of potassium ferricyanide (to 10 moles) or reducing the 
temperature (to 0°) or reaction time (to 20 min.) gave inferior yields (40—53%). 

Reduction of (—)-Dehydrogriseofulvin.—(a) With sodium borohydride. A solution of sodium 
borohydride (435 mg.) in water (7 c.c.) was slowly added to a solution of (—)-dehydrogriseofulvin 
(1-0 g.) in methanol (70 c.c.). After 2 hr. at room temperature working up in the usual way 
gave a gum (810 mg.). Chromatography over silica gel and elution with benzene-ether (19 : 1) 
gave a fraction, m. p. 268—271° (decomp.) (from chloroform-ether), [a], + 287° (c 0-85 in 
chloroform); Amax, 228, 292, and 323 my (e 25,000, 19,000, and 5000); v (potassium chloride 
disc) 1700 (coumaranone) and 1675 cm." (cyclohexenone) (Found: C, 59-1; H, 4-8; OMe, 18-8. 
Calc. for C,,H,;ClO;: C, 59-5; H, 4-7; 20Me, 19-2%). No depression in m. p. was obtained 
on admixture with an authentic sample of 7-chloro-4,6-dimethoxy-6’-methylgris-3’-en-3,2’- 
dione. 

(b) With lithium aluminium hydride. To a solution of (—)-dehydrogriseofulvin (350 mg.) 
in tetrahydrofuran (100 c.c.) at —70° was added lithium aluminium hydride (100 mg.). The 
solution was stirred for 2 hr., then ethyl acetate and ice-water were added carefully and the 
mixture was worked up in the usual way. Chromatography over silica gel and elution with 
benzene-ether (9:1) gave plates (60 mg.; after recrystallisation from ethyl acetate-light 
petroleum), m. p. 168—169°, [a],, 0° (c-1-0 in acetone); Amax, 234, 280, and 319 muy (e 27,400, 
13,000, and 5400), vax, (Nujol) 1700 cm.? (C=O) (Found: C, 60-75; H, 4:75; Cl, 10-45; OMe, 
27-4. C,,H,,ClO; requires C, 60-75; H, 5-05; Cl, 10-45; 30Me, 27-1%). 

Catalytic Reduction of (—)-Dehydrogriseofuluin.—(a) With palladium, platinum, or ruthenium. 
The dienone (100 mg.) in ethanol (25 c.c.) was hydrogenated over the appropriate catalyst 
(20 mg.) until 1 mole had been absorbed (3—5 min.). The filtered, evaporated solution was 
separated into a neutral (<1 mg.) and a phenolic fraction. Recrystallisation of the phenolic 
fraction from aqueous ethanol gave an almost quantitative yield of the benzophenone (XVII), 
m. p. 214—216° identical with the synthetic material (see above). The same result was achieved 
with the following catalysts: Pd-—C (5%); Pd-BaSO, (5%); PtO,; Ru-C (5%). Replace- 
ment of ethanol by ethyl acetate gave an identical result. When uptake of hydrogen was 
stopped at 0-75 mole the neutral fraction (20—25%) was identified as starting materiai by 
m. p. and infrared spectrum. 

(b) By hydrogen transfer. A solution of (—)-dehydrogriseofulvin (120 mg.) in cyclohexene 
(5 c.c.) and tetrahydrofuran (20 c.c.) was heated under reflux over palladium black (25 mg.) 
with polarimetric control. After 24 hr. [a], had fallen to 0° and then remained constant for 
a further 100 hr. Removal of the catalyst by filtration and separation of neutral and phenolic 
fractions gave from the latter the benzophenone (XVIII) (115 mg.), identified by m. p. and 
infrared spectrum. No crystalline material was isolated from the neutral fraction. 

(c) With rhodium-—charcoal. (—)-Dehydrogriseofulvin (35 mg.) was hydrogenated in ethyl 
acetate (7 c.c.) over rhodium—charcoal * (5%; 10 mg.) until 1 mole of hydrogen had been 
consumed. Working up in the usual way gave a phenolic fraction (25 mg.) and a neutral 
fraction (10 mg.) which had [a], +310°. Recrystallisation of the neutral fraction from chloro- 
form-—ether gave needles of griseofulvin, m. p. and mixed m. p. 221°, [aJ,, + 350° (c 0-4 in acetone) ; 
Amax. 236, 291, and 324 my (¢ 21,000, 22,000, and 5200) ; vmax, (in chloroform) 1720 and 1675 cm."}. 

Catalytic Reduction of (+)-Dehydrogriseofulvin.—(a) With rhodium-charcoal. (-)-Dehydro- 
griseofulvin (300 mg.) was hydrogenated in ethanol (90 c.c.) over rhodium-—charcoal (5%; 
200 mg.). After the consumption of 1 mole, the benzophenone (XVII) (270 mg.; 90%) was 
recovered with alkali, and the neutral fraction chromatographed on alumina (Grade III). 

(i) Elution with benzene gave a mixture of dihydrogriseofulvin isomers, m. p. 200—215° 
(5 mg.) which on recrystallisation from ethyl acetate-light petroleum provided (-+)-7-chloro- 
4,6,6’-(rimethoxy-2’-methylgrisan-3,4’-dione, m. p. 216—219°; Amax. 230, 288, and 325 my 
{c 12,000, 28,000, and 6200); vmax, (potassium chloride disc) 1725 (coumaranone), 1700 cm. 


* Baker Platinum Company. 
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(cyclohexanone) (Mulholland gives Anax 234, 288, and 323 my; and vaya, 1725 and 1700 cm. 
for the optically active form) (Found: C, 57-5; H, 5-5. C,,H, ClO, requires C, 57-5; H, 5-4%). 
(ii) Elution with benzene-ethanol (99:1) gave unchanged (-+)-dehydrogriseofulvin (3 mg.; 
1%), identified by m. p. and infrared spectrum. 

(b) With a rhodium-selenium catalyst: (-+)-griseofulvin. The following experiment repre- 
sents the best of 39 runs. A solution of (-+)-dehydrogriseofulvin (300 mg.) in ethanol (90 c.c.) 
was shaken with rhodium-—charcoal (5%; 200 mg.) which had been pre-reduced in presence 
of selenium dioxide (5 mg.). After the consumption of 0-88 mole of hydrogen the neutral 
product was isolated in the usual way and chromatographed over alumina (Grade III). 

(i) Elution with benzene gave (-+)-7-chloro-4,6,6’-trimethoxy-2’-methylgrisan-3,4’-dione 
(30 mg.), m. p. and mixed m. p. 216—219°. (ii) Elution with benzene-ethanol (99:1) gave 
first (+)-griseofulvin (24 mg.), m. p. 217—222°. Recrystallised from chloroform-ether this 
formed needles, m. p. 227—230°; Amax, 236, 291, and 324 my (¢ 21,000, 22,000, and 5500); 
Vmax. (in chloroform) 1720 and 1675 cm.1. The infrared spectrum (potassium chloride disc) 
was identical with that of (+)-griseofulvin (Found: C, 57-8; H, 5-1. C,,H, ClO, requires 
C, 57-9; H, 485%). Later eluates gave starting dienone (30 mg.), identified by m. p. and mixed 
m.p. The phenolic fraction gave the benzophenone (XVII) (210 mg.). 

(+)-Griseofulvic Acid [(+)-7-Chloro-4,6-dimethoxy-2’-methylgrisan-3,4’,6’-trione}|.—A hot 
saturated solution of (--)-dehydrogriseofulvin (500 mg.) in ethanol (150 c.c.) was rapidly cooled 
and hydrogenated over rhodium-charcoal (5%; 330 mg.) and selenium dioxide (8 mg.). After 
the absorption of 1 mole of hydrogen (3 min.) the neutral product (206 mg.) was isolated in 
the usual way. When this (740 mg.) was heated for 30 min. on the steam-bath with acetic 
acid (5 c.c.) containing sulphuric acid (2N; 1 c.c.) the fraction (219 mg.) soluble in sodium 
carbonate solution had m. p. 230—240° and vy,, 1695 cm.}. Recrystallised from aqueous 
methanol (-+)-griseofulvic acid formed needles, m. p. 238—241° (decomp.); Amx 236 and 
289 mu (e 17,800 and 29,500); vuax. (potassium chloride disc) 1695 (coumaranone and cyclo- 
hexanone), 1650 (C=C of enol), and 1605 cm. (8-diketone C=O) (Found: C, 56-2; H, 4-4; 
Cl, 10-3. C,.H,,ClO, requires C, 56-7; H, 4-5; Cl, 10-5%). The infrared spectra of (-+)- 
and (+-)-griseofulvic acids were identical. 

Quinine Metho-salt of (+)-Griseofulvic Acid.—(a) From (+)-griseofulvic acid. Quinine 
methohydroxide solution (0-41N; 7-2 c.c.; 1 equiv.) was added to a suspension of (+)-griseo- 
fulvic acid (1-0 g.) in ethanol (12-5 c.c.). Dissolution was completed by gentle warming; then 
evaporation gave the salt (1-46 g.), m. p. 151—161°. Further concentration gave more salt 
(0-35 g.). After three recrystallisations from aqueous ethanol the quinine metho-salt formed 
a dihydrate as needles, m. p. 161—163°, {«],, +69-5° (c 2-62 in ethanol) (Found: C, 62-05; H, 6-1; 
Cl, 4-8; N, 4-1. (C,,H,,CIN,O,,2H,O requires C, 62-3; H, 6-4; Cl, 5-0; N, 3-9%). 

(b) From (+)-griseofulvic acid. When the racemic acid (146 mg.) was treated with quinine 
methohydroxide solution (0-26N; 1-69 c.c.; 1 equiv.) and the solution processed as above, 
the resultant salt had m. p. 161—163° after several crystallisations from aqueous ethanol, 
undepressed on admixture with the authentic salt, [a], + 67-5° (c 0-41 inethanol). The infrared 
spectra (Fig.) of the salts were identical. 

Regeneration of Synthetic (+-)-Griseofulvic Acid.—The quinine metho-salt was dissolved in 
aqueous methanol (60%) and passed through a column of Amberlite IR-120 (H). The liberated 
(+-)-griseofulvic acid formed prisms, m. p. 255—258° (from aqueous methanol), [a], +393° 
(c 0-31 as sodium salt in aqueous methanol), identical with authentic griseofulvic acid ({«],, + 399° 
as sodium salt in aqueous methanol) (Found: C, 57-0; H, 4-7; Cl, 10-3. Calc. for C,,H,,Cl1O,: 
C, 56-7; H, 4-5; Cl, 10-5%). 


We acknowledge stimulating discussion with Professor D. H. R. Barton, F.R.S., and 
thank Professor R. A. Raphael for his interest and encouragement, Dr. T. F. Macrae and 
his colleagues (Glaxo Laboratories Ltd.) for helpful discussion and for a generous gift of 
griseofulvin, Dr. F. A. Robinson (Allen and Hanbury Ltd.) for aid in the preparation of 
(+)-dehydrogriseofulvin, and Dr. T. P. C. Mulholland (I.C.I. Ltd.) for a reference sample of 
7-chloro-4,6-dimethoxy-6’-methylgris-3’-en-3,2’-dione. The work was carried out during the 
tenure of a Ministry of Education (Northern Ireland) grant (to J. N.) and a Glaxo Fellowship 
(to A. C. D.). 
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794. Oxidative Pairing of Phenolic Radicals. Part II.* 
The Synthesis of Picrolichenic Acid. 


By T. A. Davipson and A. I. Scott. 


The synthesis of the bitter principle of Pertusaria amara, picrolichenic 
acid (I), has been accomplished by a method which probably parallels the 
biogenesis of this and related lichen substances, namely the intramolecular 
oxidation of depside precursors by a one-electron oxidising agent. 


THE bitter acidic principle of the crustose lichen, Pertusaria amara (Ach.) Nyl., was first 
described in the treatment of malaria by Alms in 1832.1 In 1900 Zopf? attributed the 
formula C,;H,,0; to the purified acid, and named the compound picrolichenic acid. 
Wachtmeister recently * corrected the formula to C,,H,,0, and suggested expression (I) 
for the acid. 

The most probable biogenetic pathway leading to the rather unusual spiro-lactone 
part involves the condensation of a poly-f$-ketone chain * of 6 acetate units (as II) and 
self-esterification and reduction to the depside (III) (cf. griseofulvin). The unusual 
methylation pattern of (III)* prevents the operation of the biogenetically acceptable 
C-O coupling ® involved in the depside-depsidone transformation (IV —» V). Instead 
the diradical (IIIa) leads by C-C coupling to the acid (I). This mechanism was suggested 





HiCs co-0 
° 
Rg Ue. 
CsH, (Ill) 
Oo 
HiiCs CcOo:oO oO 
ea + 
° H CcHi, (11a) 
HiCs co-o COOL cO-o ia 
| 
me Lz. H @* O O° 
CH 
(1) . (IV) . (V) 


by Wachtmeister and formed a useful basis for his degradative work. We therefore con- 
sidered that a rational synthesis of picrolichenic acid by such a radical-pairing reaction 
would offer considerable support for this biogenetic hypothesis, and, at the same time, 
provide confirmation, albeit indirectly, of the depside—depsidone relationship. 

We chose as starting material the aldehyde (VI), which can be used for construction 
of both components of the required depside system, by modification of Asahina’s general 
synthetic method. To this end, monobenzylation of the aldehyde gave the 4-benzyl 


* Part I, preceding paper; for preliminary communication see Davidson and Scott, Proc. Chem. Soc., 
1960, 390. 

* Methylation of hydroxyl in the ortho-position to the depside linkage has, in fact, been observed 
in the tridepside, umbilicaric acid (ref. 10). 


1 Alms, Ann. Pharm., 1832, 1, 61. 

2 Zopf, Annalen, 1900, 318, 335; 1902, 321, 38. 

8 Erdtman and Wachtmeister, Chem. and Ind., 1957, 1042; Wachtmeister, Acta Chem. Scand., 
1958, 12, 147. 

4 Birch, ‘‘ Fortschritte der Chemie Organischer Naturstoffe,”’ 1957, 14, 186. 

5 Barton and Cohen, “ Festschrift Artur Stoll,’’ Birkhauser, Basle, 1957, p. 117. 

® Asahina and Shibata, ‘“‘ The Chemistry of Lichen Substances,”’ Japan Society for Promotion of 
Science, Tokyo, 1954; Asahina and Hashimoto, J. Pharm. Soc. Japan, 1938, 58, 221. 
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ether (VII) which with dimethyl sulphate in alkaline solution afforded the methyl ether 
(VIII). Oxidation to the protected carboxylic acid (IX) was effected with neutral 
potassium permanganate; condensation’ of the corresponding acid chloride with the 
original aldehyde (VI) than gave the depside (X) in 85% yield. Ethoxycarbonylation of 
the free phenolic group and oxidation with potassium permanganate now afforded the 
protected depside (XI), which was successively hydrogenolysed to remove the benzyl 
group and briefly treated with alkali to hydrolyse the O-ethoxycarbonyl grouping. The 
resultant depside, dihydropicrolichenic acid (III), showed the expected light absorptions. 


CsHiy CcHi HiiCs co-o 
CHO CO3H Ce. 
> 
RO OR’ PhCH OMe Ph-CH2*O OMe CHO 





- CsHi, 

(VI); R=R’=H (LX) (X) 
(VII); R= CHaPh, R’=H Pi 

. ” 
VIII); R= CH Ph R = Me Hi; 5 CcO-o 
, ’ ° : O-CO,Et 

< — 
(iit) Ph:CH2°O OMe CO>H 
? CsHi, 
(XI) 


Selection of a suitable reagent for the ultimate and biogenetically informative oxidation 
step proved to be crucial. Thus the acid (III) was recovered unchanged from a number of 
oxidising systems including ferric, ceric, and vanadic salts, lead dioxide, and electro- 
oxidation at a platinum electrode (see Experimental). The use of manganese was now 
investigated, as previous experience in the benzophenone series had indicated that good 
yields of coupled products could be obtained by taking advantage of the high potential 
of the one-electron oxidising power of manganese compounds.® When a solution of 


Absorbance 





EE — 


— ar 
Wavenumbers (cm*') 


Picrolichenic acid: (a) natural; (b) synthetic (as potassium chloride discs) (curve a has been 
displaced vertically). 


§ 


dihydropicrolichenic acid (III) in benzene containing fifteen equivalents of manganese 
dioxide was subjected to spectroscopic contrél, the intensity of the carbonyl band at 
1750 cm. (depside) decreased at a rate parallel to the corresponding increase in the intensity 
of the 1655 cm. band, and a new band appeared at 1820 cm.", the position expected for 
the spiro-lactone chromophore. Increasing the molar ratio of reagent or the temperature 
of the reaction led to rapid deterioration of the required spectrum, a single broad band 
at 1700—1720 cm." representing the only carbonyl function. When the solution resulting 
from six successive treatments under these conditions was rapidly chromatographed over 
7 Asahina and Yosioka, Ber., 1937, 70, 1827; Fuzikawa, J. Pharm. Soc. Japan, 1936, 56, 25. 


§ Charlot, “‘ Tables of Constants and Numerical Data,’”’ Vol. 8, Oxido-Reduction Potentials, 
Pergamon, Oxford, p. 17. 
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silica gel there resulted a 15—25% yield of a fraction,? m. p. 178° (with evolution of 
gas), undepressed on admixture with authentic picrolichenic acid (m. p. 178°), which 
showed spectra in chloroform solution at 1820 (spirolactone), 1670 (bonded CO,H and 
dienone), and 1607 (aromatic) cm. and Amax, 245, 270-—277 my (ec 24,000, 7800), corre- 
sponding exactly with the data for the natural acid. The infrared spectra (in potassium 
chloride) of the natural and synthetic acids were, moreover, identical (Fig.). 

The structure of picrolichenic acid is thus confirmed and the postulated biogenesis 
is supported in some measure by this synthesis. Resolutions with the natural (racemic) 
acid are now in progress. 


EXPERIMENTAL 


For general directions see Part I (preceding paper). 

4-Benzyloxy-2-hydroxy-6-pentylbenzaldehyde (V1I).—2,4-Dihydroxy-6-pentylbenzaldehyde (5 
g.) and benzyl chloride (5 c.c.) were heated under reflux for 4 hr. in aqueous ethanol (25% ; 
25 c.c.) containing potassium hydroxide (1-6 g.). Removal of the ethanol under reduced pressure 
followed by acidification and recovery in ether gave an oil which on chromatography over 
silica gel (100 g.) and elution with light petroleum—benzene (9:1; 1600 c.c.) gave the mono- 
benzyl derivative (3-9 g.; 55%), b. p. 190°/0-5 mm., m,,!%° 1-5852; v (film) 1640 cm. (bonded 
CHO) (Found: C, 76-65; H, 7-45. C,gH.,03 requires C, 76-5; H, 7-45%). The compound 
gives a red colour with 2% ethanolic ferric chloride solution. 

4-Benzyloxy-2-methoxy-6-pentylbenzaldehyde (VIII)—The monobenzyl-aldehyde (3-9 g.), 
dimethyl] sulphate (1-5 c.c.), and potassium carbonate (12 g.) were stirred under reflux in dry 
acetone (100 c.c.) for 16 hr., addition of dimethyl sulphate and potassium carbonate having 
been made in four portions during the first 2hr. Filtration of the cooled solution, evaporation, 
and isolation in ether gave the benzyl methyl ether (VIII) (3-6 g.; 88%) as plates (from methanol), 
m. p. 51—52°; v (Nujol) 1680 cm.} (aromatic CHO) (Found: C, 76-95; H, 7-85. C, 9H,.,O, 
requires C, 76-9; H, 7-75%). 

4-Benzyloxy-2-methoxy-6-pentylbenzoic Acid (IX).—To a stirred solution of 4-benzyloxy-2- 
methoxy-6-pentylbenzaldehyde (1-8 g.) in acetone (500 c.c.) was added potassium permanganate 
(7 g.) in water (100 c.c.) during 2 hr. at 45°, then the mixture was stirred (at this temperature) 
for 6 hr. Sulphur dioxide was passed through the cooled solution, and the acetone removed. 
Separation into an acidic and a neutral fraction and isolation of the acid in ether gave an oil. 
Chromatography of this on silica gel (15 g.) and elution with benzene-ether (19:1; 250 c.c.) 
afforded the required acid (700 mg.; 37%) as needles (from light petroleum), m. p. 62—63°; 
v (Nujol) 1700 cm.~4 (CO,H) (Found: C, 73-35; H, 7-45. CygH,,O, requires C, 73-15; H, 7-35%). 

4-Formyl-3-hydroxy-5-pentylphenyl 4-Benzyloxy-2-methoxy-6-pentylbenzoate (X).—4-Benzyl- 
oxy-2-methoxy-6-pentylbenzoyl chloride [prepared from the above acid (5 g.) by the oxalyl 
chloride—benzene method] was dissolved in anhydrous ether (500 c.c.) containing 2,4-dihydroxy- 
6-pentylbenzaldehyde (3-3 g.). The solution was cooled to 0° and pyridine (20 c.c.) added. 
After 16 hr. at room temperature the solution was acidified and the acidic fraction isolated 
as an oil, which after chromatography on silica gel and elution with light petroleum—benzene 
(2:3; 21.) gave the required ester as a viscous oil (6-8 g.; 85%); this had vy,, (film) 1750 
(depside C=O) and 1640 (bonded CHO) cm.! and gave a red ferric colour. The 2,4-dinitro- 
phenylhydrazone had m. p. 152—153° (from ethanol-ethy] acetate) (Found: C, 65-65; H, 6-0; 
N, 8:15. CggH,.N,O, requires C, 65-3; H, 6-05; N, 8-0%). 

4-Carboxy-3-ethoxycarbonyloxy-5-pentylphenyl 4-Benzyloxy-2-methoxy-6-pentylbenzoate (XI) .— 
The foregoing aldehyde was converted into the O-ethoxycarbonyl derivative (ethyl chloro- 
formate—pyridine at —20° for 2 hr.). Oxidation of this with potassium permanganate, the 
conditions described above being used, gave the required O-ethoxycarbonyl-acid (XI) (45%) as 
prisms (from benzene—petroleum), m. p. 107—109°; vy, (in carbon tetrachloride) 1770 


HiCs co.g 
> Coupling might have occurred with the position “ ortho-’’ to the CsHi 
hydroxyl group in ring B leading to the isomeric acid (A), but no OMe CO.H 
evidence was obtained of its presence. re) 2 


OH 
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(-O-CO,Et), 1750 (depside), and 1700 (CO,H) cm.“! (Found: C, 69-1; H, 6-8. C3,;H,,O, requires 
C, 69-3; H, 7-0%). 

Dihydropicrolichenic Acid (II1).—The acid (XI) (1-0 g.) was hydrogenolysed in ethanol 
(50 c.c.) over palladium-—charcoal (10%; 200 mg.). After the consumption of 1 mole of 
hydrogen the solvent was removed and replaced by acetone (5 c.c.). When this solution was 
treated with sodium hydroxide solution (N; 10c.c.) for 10 min. and the resulting acidic fraction 
isolated in ether, the required acid formed prisms (460 mg.; 65%), m. p. 117—118° (from 
benzene); Amax, 250 and 291 my (13.000 and 7600); vnax (potassium chloride disc) 3400 (OH), 
1725 (depside C=O), 1650 (bonded CO,H); vp, (in chloroform) 3300, 1750, and 1655 cm. 
(Found: C, 68-05; H, 7-1. C,;H,,0, requires C, 67-55; H, 7-25%). 

Picrolichenic Acid (1).—Dihydropicrolichenic acid (30 mg.) was treated with manganese 
dioxide (J. Woolley Co.; 15 equivs.; 90 mg.) in benzene (30 c.c.) with stirring for 30 min. 
The manganese dioxide was removed by filtration and extracted with sodium carbonate solution, 
and the acidified solution extracted with ether. The combined benzene and ether extracts 
were evaporated to leave a gum, which had in its infrared spectrum (in chloroform) a new band 
at 1820 cm."}, while the intensity of the band at 1750 cm. had decreased in proportion to the 
increase in intensity of the 1660 cm. band. Five more treatments of the mixture under the 
same conditions (with spectroscopic control) gave a product with maximum intensity of the 
1820 cm.+ band. Chromatography on a short column of silica gel (300 mg.) and elution with 
benzene-ether (49: 1) gave a solid fraction (5-7 mg.; average of several experiments), which 
on crystallisation from ether—petroleum gave prisms, m. p. 178° (with evolution of carbon 
dioxide) which was identical in m. p., mixed m. p., and ultraviolet and infrared absorption with 
authentic picrolichenic acid; Amax, 245 and 270—277 my (¢ 22,000 and 7800); vmax (potassium 
chloride disc) 1820 (spiroiactone), 1670 cm. (bonded CO,H and dienone superimposed) (see 
Fig.). 

When the reaction was carried out at 50—60°, or in the presence of 40, 55, or 100 equivalents 
of manganese dioxide in benzene or chloroform solution, a new band in the infrared spectrum 
rapidly grew at 1700—1710 cm.* and no crystalline product was isolable from such a mixture. 
This effect was also observed when picrolichenic acid (20 mg.) was treated for 24 hr. with 
manganese dioxide (200 mg.) in benzene (15 c.c.) at room temperature, or for 30 min. at 50°. 

The following oxidising conditions led to quantitative recovery of dihydropicrolichenic acid 
from the reaction mixture. 


Oxidant (moles) Solvent Time Temp. 
K,Fe(CN), > Fae Na,CO,-H,0 1 hr. 0° 
re TE. cévetaexetee a 2 hr. 20 
ED idtoouvecees re 2 hr. 70 
in eee = 24 hr. 20 
FeCl, oe oe EtOH-H,O 14 hr. 20 
a Pere - 14 days 20 
PbO, ln nicbiensiodanes Benzene 24 hr. 80 * 
da Ge sicbeSdabuace Toluene 2 hr. 110* 
Ce(SO,), eer AcOH-H,SO,(aq.) 24 hr. 20 
NH,VO, °® GF netewncbense a 24 hr. 20 
Dichlorodicyanobenzoquinone (2) ............- Benzene 24 hr. 80 


* 30% recovery of starting material; residue resinous. 


Oxidation at a smooth platinum anode (3 x 2 cm.) in acetic acid-sulphuric acid mixtures 
at 110 v (D.C.) gave back dihydropicrolichenic acid in quantitative yield. 


We thank Dr. C. A. Wachtmeister for a sample of picrolichenic acid and the D.S.I.R. for a 
Maintenance Grant (to T. A. D.). 


DEPARTMENT OF CHEMISTRY, THE UNIVERSITY, 
Grascow, W.2. [Received, October 27th, 1960.] 


® Littler and Waters, J., 1959, 3014. 
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795. The Synthesis of Polycyclic Aromatic Hydrocarbons. Part 
IV.* Convenient Syntheses of Chrysene and three Methylchrysenes. 


By W. Davigs and J. R. WitmsHurst. 


4-Methylbenzyne and l-vinylnaphthalene give a separable mixture of 
2- and 3-methylchrysene; benzyne with 1-vinylnaphthalene and 1-methyl-5- 
vinylnaphthalene gives chrysene and l-methylchrysene, respectively, all in 
small yields. 1- and 2-Methylchrysene are formed when cholesterol is 
heated to 330°, and the former is also obtained by the lithium aluminium 
hydride reduction of 7-methylchrysene-1,4-quinone produced by the 
interaction of 1l-methyl-5-vinylnaphthalene with benzoquinone. The un- 
reliability of lithium aluminium hydride in this type of reduction is discussed. 


It is known! that chrysene is formed when cholesterol is heated at a high temperature 
with palladium-charcoal, and also with selenium? at 240—310°. Cyclopentenophen- 
anthrenes are also obtained from cholesterol by these or similar dehydrogenations, but it 
is now found that cholesterol, when heated alone in Pyrex to about 330°, undergoes thermal 
fission, rearrangement, and aromatisation. Various polycyclic aromatic hydrocarbons 
or their alkyl derivatives are produced under these conditions, which are attained in some 
domestic cooking processes, and this work is to be described elsewhere. 

It has been claimed * that the product of heating cholesterol at 360° contained chrysene, 
as shown by an ultraviolet absorption, spectrum, but this was very indefinite. Continuing 
our own investigations, we have isolated chrysene, l1-methylchrysene, and 2-methylchrysene 
from one of the fractions produced; there is also evidence of at least another chrysene 
derivative. It is of interest that chrysene * and 1-methylchrysene 5 may be carcinogenic. 

These products were identified by direct comparisons with authentic specimens which, 
in the case of 1- and 2-methylchrysenes, have been synthesised by routes more convenient 
for our purpose than those already published. 


oe ee ee 


(IV);R=Me, R'=H 


© a (VI);R=H, R'=Me 

The conversion in 70% yield of chrysene-1,4-quinone into chrysene by means of lithium 
aluminium hydride ® suggests the similar production of 1-methylchrysene (IV) from the 
methylchrysenequinone (III). 1-Naphthoic acid was brominated to the 5-bromo- 
derivative (I) of which the carboxyl group was converted, with the bromine atom still 
intact, into methyl by the sequence: -CO,H —» -CH,-OH —» -CH,Cl —» -CH,I —> 
‘CHs. (This synthesis of 1-bromo-5-methylnaphthalene is shorter and more convenient 
than that? from 1l-amino-5-methylnaphthalene via the diazonium mercuric bromide 
complex, though the yield is much improved by adding the dry complex to refluxing 
xylene). The bromine atom in the bromomethylnaphthalene is replaced by hydroxyethyl 


* Part III, Davies and Ennis, J., 1960, 1488. 


Diels and Gadke, Ber., 1927, 60, 140. 

Diels, Gadke, and Kérding, Annalen, 1927, 459, 1. 
Falk, Goldstein, and Steiner, Cancer Res., 1949, 9, 438. 
Kennaway and Lindsey, Brit. Med. Bull., 1958, 14, 126. 
Shoppee and Gough, Biochem. J., 1953, 54, 630. 

Davies and Porter, J., 1957, 4968. 

Bardhan, Nasipuri, and Jukherji, J., 1957, 921. 
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by a Grignard reaction with ethylene oxide, and dehydration of this alcohol gives 1-methy]l- 
5-vinylnaphthalene (II); this with /-benzoquinone forms 7-methylchrysene-1,4-quinone 
(III), which is reduced to the methylchrysene (IV). The yields are good except, surpris- 
ingly, in the reduction with lithium aluminium hydride, where the best yield (1-5%) 
was only obtained with selected samples of lithium aluminium hydride. 

In a series of comparative reductions of chrysene-1,4-quinone the yields of chrysene vary 
from 2 to 34% with different commercial specimens of lithium aluminium hydride. The 
original yield of 70°, was obtained from lump lithium aluminium hydride which was 
powdered immediately before use. It seems clear that lithium aluminium hydride cannot 
be relied on to give a good yield of the hydrocarbon in this type of reduction. It is curious 
that the highest yield of 1-methylchrysene is only 1-5°% while the same lithium aluminium 
hydride gave a 34% yield of chrysene; the yield of chrysene was ten times greater than 
that of 1-methylchrysene when their quinones were reduced by distillation with zinc dust. 
An alternative and more rapid synthesis was sought by use of benzyne and its derivatives. 

Benzyne, made ® in situ from o-bromofluorobenzene, with 1-vinylnaphthalene gives 
chrysene and triphenylene. The latter and about 6% of 1l-methylchrysene are formed 
when the methylvinylnaphthalene (II) is used. From 1-vinylnaphthalene and 4-methyl- 
benzyne (V), prepared from 4-bromo-3-fluorotoluene, 2- (VI) and 3-methylchrysene are 
formed, both in very low yield; no triphenylene derivative was isolated though in all three 
reactions much yellow polymer was formed. The initial non-aromatic addition product 
was never isolated. This simultaneous formation of the 2- and 3-methylchrysenes—which 
are easily separated and identified—is the first instance, in our hands, of two structural 
isomers being produced simultaneously in Diels—Alder syntheses. 


EXPERIMENTAL 


The Synthesis of 1-Methylchrysene.—(i) From 1-naphthoic acid. 1-Naphthoic acid was 
brominated (75% yield) ® and the 5-bromo-1-naphthoic acid (5-5 g.) slowly added to a suspension 
of lithium aluminium hydride (1-65 g.) in dry ether (30 ml.). The mixture was then worked 
up with moist ether, ethanol, or ethyl acetate to give the 5-bromo-l-naphthylmethanol (4-7 g., 
90-5%), m. p. 123—124° (lit.* m. p. 123—124°). The carbinol (5-0 g.) in ether (50 ml.)—benzene 
(10 ml.) was kept at room temperature with thionyl chloride (2 ml.) for 4 hr., the solvents and 
excess of thionyl chloride were removed under reduced pressure, and the residual 1-bromo-5 
chloromethylnaphthalene crystallised, forming needles (from methanol) (4-8 g., 89%), m. p. 82— 
82-5° (Found: C, 51-9; H, 3-1. C,,H,BrCl requires C, 51-7; H, 3-15%). 

1-Bromo-5-iodomethylnaphthalene. This halide (5-0 g.; 92%) is obtained in pale yellow 
needles, m. p. 110—111° (from ethanol) when the chloromethyl compound (4-0 g.) is refluxed 
in dry acetone (30 ml.) for 4 hr. with sodium iodide (4-0 g.), and the residue washed with water 
(Found: C, 38-3; H, 2-6. C,,H,BrI requires C, 38-1; H, 2-3%). For this preparation the 
crude chloromethyl compound is suitable. 1-Bromo-5-methylnaphthalene is formed (0-61 g., 
79-8%; m. p. 62—63°) when the iodomethyl compound (1-2 g.) is added at room temperature 
to a suspension of lithium aluminium hydride (0-15 g.) in ether (10 ml.), and the crude product 
taken up in isohexane and passed through alumina. The solid obtained from the eluate 
crystallised from methanol in needles, m. p. 62—63° (picrate, m. p. 109—110°) (lit.,1° m. p.s 
63—64° and 110—111°, respectively). 

2-(5-Methyl-l-naphthyl)ethanol was prepared by a similar method to that of Bardhan 
et al.? 1-Bromo-5-methylnaphthalene (10 g.) in ether (20 ml.) was added slowly to 
magnesium (1-3 g.) in ether (5 ml.), and the solution refluxed for } hr.; benzene (20 ml.) was 
added and then, slowly at 0°, ethylene oxide (3 g.) in ether (5 ml.). After 1 hr. at room temper- 
ature the mixture was refluxed for 1 hr. and worked up. The ethanol derivative had b. p. 150— 
156°/1-0 mm., m. p. 37—39° (6-3 g., 75%). Newman and Cline ! give b. p. 154—157/1-0 mm., 
m. p. 40-2—41-2°. The use of a large excess of ethylene oxide should be avoided, since it leads 


8 Wittig and Ludwig, Angew. Chem., 1956, 68, 40. 

® Shoesmith and Rubbli, J., 1927, 3098. 

10 Vesely, Stursa, Olejnicek, and Rein, Coll. Czech. Chem. Comm., 1930, 2, 145. 
11 Newman and Cline, J]. Org. Chem., 1951, 16, 934. 
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to troublesome polymer formation. The yield was not improved by use of a more active 
halide. 

1-Methyl-5-vinylnaphthalene. This hydrocarbon, b. p. 154—157° (3-3 g., 73%), was obtained 
when the above alcohol (5 g.) in toluene (8 ml.) was added to molten potassium hydroxide in a 
distillation flask at 240°/20 mm. (Found: C, 92-9; H, 7-2. (C,,;H,, requires C, 92-8; H, 7-2%). 

7-Methylchrysene-1,4-quinone. This separated when the vinyl compound (0-5 g.) and benzo- 
quinone (1-0 g.) were heated in acetic acid on the water bath for 6 hr. The product was washed 
with ether; it crystallised from glacial acetic acid in orange-red needles (0-51 g., 63%), m. p. 
260—260-2° (Found: C, 83-5; H, 4-6. C,)H,.O, requires C, 83-8; H, 4-4%). 

1,4-Diacetoxy-7-methylchrysene. The diacetate was formed when the quinone (25 mg.), 
sodium acetate (50 mg.), and zinc dust (50 mg.) were heated in acetic anhydride on the water 
bath for 1 hr., glacial acetic acid (2 ml.) added, and the hot solution filtered and diluted with 
water. It crystallised from ethanol in needles (29 mg., 88%), m. p. 233-5—234° (Found: C, 
76-8; H, 5-1. C,3H,,O, requires C, 77-1; H, 5-1%). 

1-Methylchrysene. An authentic specimen, m. p. 253—254°, was made by Shoppee and 
Gough’s method; it gave a 2,4,7-trinitrofluorenone derivative as fine orange needles, m. p. 242— 
242-5°, from toluene (Found: N, 7-6. CygH,4,C,;;H,;O,N, requires N, 7-5%). 

Reduction of 7-Methyl-1,4-chrysenequinone.—Davies and Porter’s method ° for the reduction 
with lithium aluminium hydride of chrysene-1,4-quinone was used with the specimen of lithium 
aluminium hydride which gave a 34% yield of chrysene (see below). 7-Methylchrysene-1,4- 
quinone (0-5 g.) then gave l-methylchrysene (7 mg., 1-5%), m. p. and mixed m. p. 253-—254° 
(trinitrofluorenone derivative, m. p. 241-5—242-5°). 

A mixture of zinc dust (5 g.) and the quinone (0-2 g.) was heated in a stream of nitrogen, and 
the sublimate chromatographed in toluene on alumina, giving l-methylchrysene (2 mg.). This 
compares with 20 mg. of chrysene, m. p. 253—254°, from the same quantity of chrysene-1,4- 
quinone under the same conditions. This chrysene gave a trinitrofluorenone derivative, 
m. p. 248—249° (lit.,12m. p. 248-8—249°). Reduction by fusion with zine dust of equal weights 
(0-2 g.) of chrysene-1,4-quinone, zinc dust, sodium chloride, together with zinc chloride (5 g.) at 
290° gave only 2 mg. of chrysene.'* 

Use of Benzyne and Methylbenzyne in the Synthesis of Chrysenes.—Chrysene. o-Bromofluoro- 
benzene (2 g.) in tetrahydrofuran (8 ml.) was slowly added to magnesium (300 mg.) in a solution 
of 1-vinylnaphthalene (1-0 g.) and o-bromofluorobenzene (0-1 g.) in tetrahydrofuran (2 ml.). 
After refluxing had ceased, the mixture was heated on the water bath for 10 min., chloroform 
(10 ml.) was added, the solution was poured into dilute hydrochloric acid, and the washed 
organic phase dried (MgSO,) and the solvents were removed. The residual oil was chromato- 
graphed in isohexane on alumina; starting materials were first eluted, followed by triphenylene 
(10 mg.), and finally chrysene (40 mg.), m. p. and mixed m. p. 253—254° (identity also confirmed 
by ultraviolet absorpticn spectra). Triphenylene, m. p. and mixed m. p. 196—197°, was 
similarly identified. None of the initial dihydro-addition product was isolated. 

1-Methylchrysene. o-Bromofluorobenzene (3-9 g.) in tetrahydrofuran (5 ml.) was added, 
sufficiently slowly to keep the reaction under control, to a mixture of 1-methyl-5-vinyl- 
naphthalene (1 g.), magnesium (0-58 g.), and o-bromofluorobenzene (0-1 g.) in tetrahydro- 
furan (20 ml.), and the process was thereafter identical with the synthesis of chrysene. 
Triphenylene (90 mg.) was formed together with l-methylchrysene (80 mg., 5-6%), m. p. 253— 
254°, identical (absorption spectra and mixed m. p.) with authentic material. The trinitro- 
fluorenone derivative had m. p. 242—242-5°. 

2- and 3-Methylchrysenes. An intermediate in the preparation of 4-methylbenzyne was 
4-bromo-3-nitrotoluene '* (90%). It was however, necessary to use 3 moles of hydrogen 
bromide per mole of the parent nitrotoluidine. : 

4-Bromo-3-fluorotoluene. 3-Amino-4-bromotoluene ! (10 g.) was diazotised in hydrochloric 
acid, the mixture filtered, and the filtrate stirred vigorously as sodium borofluoride (0-075 mole) 
in water (25 ml.) was added. After } hr. at 5°, the precipitate was filtered off, washed with 
sodium borofluoride solution (5%; 8 ml.), cold methanol (10 ml.), and ether. The pale pink 
salt (7-6 g., 51%) was air-dried overnight; 5 g. were decomposed by heat, and the product was 





122 Orchin and Woolfolk, J]. Amer. Chem. Soc., 1946, 68, 1727. 
13 Clar, Ber., 1939, 72, 1645. 

14 Gibson and Johnson, /J., 1929, 1246. 

15 Hodgson and Moore, /]., 1926, 2036. 
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steam-distilled. The methylene chloride extract of the steam distillate was washed with dilute 
sodium hydroxide solution and dried (MgSO,), the solvent removed; the residual 4-bromo-3- 
fiuorotoluene (2-0 g., 60%) (Found: C, 44-6; H, 3-25. C,H,BrF requires C, 44-5; H, 3-2%) had 
b. p. 184—186°/760 mm. The specimen made by Varma eé¢ al.1® by brominating 3-fluorotoluene 
had b. p. 169°/756 mm., was not analysed, and may have been impure. 

4-Bromo-3-fluorotoluene (1-9 g.) in tetrahydrofuran (5 ml.) was slowly added to magnesium 
(0-270 g.) in a solution of 1-vinylnaphthalene (4-0 g.) and 4-bromo-3-fluorotoluene (0-1 g.) in 
tetrahydrofuran (15 ml.). When refluxing had ceased the mixture was heated on the water 
bath for 10 min. and worked up as in the chrysene synthesis; however, chromatography on 
alumina afforded only slight separation. The eluates were examined by means of their ultra- 
violet spectra and those containing the methylchrysenes were combined and passed through 
acetylated cellulose, prepared according to Spotswood.!? The solvent system used was 
ethanol—toluene—water (17: 4:1). Yellow polymer was first eluted followed by 2-methyl- 
chrysene (24 mg.), m. p. 228—229°, and 3-methylchrysene (14 mg.), m. p. 173—174° (both from 
ethanol). The total yield of the two methylchrysenes was of the order of 50 mg. No 
triphenylene derivative was isolated. 

Reduction of Chrysene-1,4-quinone with Lithium Aluminium Hydride.—The method * was 
that of Davies and Porter, who however used lithium aluminium hydride supplied in large 
lumps, bought in 1950; these were powdered just before use. The present work was done 
with the modern product supplied already finely powdered (except in one instance of a private 
gift from Nicholas Pty. Ltd.). The hydride previously used * was not completely soluble in 
dilute hydrochloric acid, whereas the modern preparations are. Their interaction product 
with chrysenequinone remained coloured, varying with different batches of hydride from 
yellow to orange, unlike that of the above authors whose solutions became almost colourless. 
Additional refluxing had no effect on the final product which was sensitive to aerial oxidation, 
quickly becoming coloured and insoluble. The hydrocarbon present was isolated by chrom- 
atography on alumina. 

Five batches of commercial lithium aluminium hydride were used, the percentage yields of 
chrysene being 2, 6, 8, 17, and 34. (A solution of lithium aluminium hydride freshly made 
from lithium hydride and anhydrous aluminium chloride gave a 25% yield of chrysene.) All 
batches gave good reductions (90% yield) of 1-naphthoic acid to the carbinol. 

No chrysene or recognisable product was obtained when lithium aluminium hydride was 
replaced by mixtures of lithium aluminium hydride and aluminium chloride corresponding to 
the hydrides AIH;,AIH,Cl and AIHCl,, the requisite proportion of available hydrogen to the 
quinone being maintained. 


The authors thank the Anti-Cancer Council of Victoria for financial aid, Dr. Q. N. Porter for 
advice, and Mr. D. J. Wigney for assistance. The microanalyses were carried out by Dr. W. 
Zimmermann and staff. 


UNIVERSITY OF MELBOURNE, AUSTRALIA. [Received, January 17th, 1961.] 


16 Varma, Venkataraman, and Nilkantiah, J. Indian Chem. Soc., 1944, 21, 112. 
17 Spotswood, J. Chromat., 1960, 3, 101. 





796. The Oxidation of Alkylaromatic Compounds in Aqueous 
Hydrogen Bromide. 
By J. E. McIntyre and D. A. S. RAVENs. 

Dilute aqueous hydrogen bromide catalyses the oxidation of water-soluble 
methyl-aromatic compounds to the corresponding carboxylic acids. The 
reaction requires a high pressure of oxygen and a temperature of 180—200°. 
The presence of a vanadium compound improves the oxidation of water- 
soluble isopropyl-aromatic compounds and also permits the oxidation of 
water-insoluble compounds. 


THE main product of the oxidation of a polymethylbenzene by oxygen in the presence 
of a catalytic metal ion is normally a monocarboxylic acid, which undergoes further 
oxidation only with difficulty. -Xylene, for example, is readily converted into p-toluic 
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acid, which can thus be made in high yield, but only a little terephthalic acid is formed. 
The commercial importance of terephthalic acid stimulated work on this topic. Direct 
liquid-phase oxidation + at 240°, oxidation in acetic acid in the presence of a catalytic 
metal ion ? at 180°, and oxidation in alkaline solution in the presence of a catalytic metal 
ion * at 240°, although they produced terephthalic acid or its salts, gave low conversions 
or insufficient yields; more recently oxidation in aqueous hydrogen bromide ¢ at 180—200° 
and oxidation in acetic or propionic acid in the presence of a catalytic metal ion and a 
bromide ** at 130° have proved more satisfactory. This paper describes the use of aqueous 
hydrogen bromide as a medium for oxidation, particularly of alkylaromatic carboxylic 
acids and alkylaromatic hydrocarbons. 

When an aqueous solution of -toluic acid was heated with oxygen under pressure 
at 180—200° in the presence of hydrogen bromide oxygen was absorbed steadily at a 
slowly diminishing rate until the f-toluic acid was almost entirely oxidised. The reaction 
occurred readily at 180—200° with a hydrogen bromide concentration of 0-5—2% and an 
initial oxygen pressure of 30—50 atm. (measured at room temperature). Terephthalic 
acid was produced in yields of up to 99% based on the #-toluic acid consumed. 

The scope and limitations of the method are indicated by the results shown in Table 1. 
Methyl groups attached to aromatic nuclei which possessed other substituents conferring 
both a degree of water-solubility and resistance to nuclear oxidation were readily oxidised 
to carboxyl groups in high yield. Partially brominated or oxidised methyl groups were 
similarly oxidised. Isopropyl groups were oxidised to carboxyl groups only with 
difficulty, and t-butyl groups were unaffected. Compounds which are insoluble in water 
were also unaffected. 

The scope of the method can be extended by introduction of vanadium pentoxide or 
ammonium vanadate in catalytic amount. In the case of #-toluic acid this slightly 
reduced the yield of terephthalic acid, but it promoted the oxidation of isopropyl and 
1-hydroxy-l-methylethyl groups and of water-insoluble compounds (Table 2). In the 
case of hydrocarbons containing one or more methyl group, however, much nuclear 
bromination occurred and the major products were bromo-carboxylic acids. 

The oxidation of -toluic acid in aqueous hydrogen bromide was studied in more 
detail. Oxygen absorption was faster the higher the temperature, the hydrogen bromide 
concentration, and the oxygen pressure, but temperature control became difficult under 
the more favourable conditions owing to the exothermic nature of the reaction. The rate 
of oxygen absorption diminished slowly until the #-toluic acid had been completely 
oxidised, then absorption ceased abruptly. Such behaviour indicated that the order of 
reaction with respect to f-toluic acid was zero or negative. Bromide ion (as sodium 
bromide) was inactive as a catalyst in the absence of acid. 

Since direct reaction between hydrogen bromide and oxygen to produce bromine is 
unknown under these conditions in the absence of an organic material or other promoter, 
it is probable that the reaction involves formation of an organic peroxide, and that the 
mechanism is similar in its initial stages to that suggested by Rust and Vaughan ® for the 
vapour-phase oxidation of tertiary aliphatic hydrocarbons in the presence of hydrogen 
bromide. The strong positive dependence of the rate on oxygen pressure and hydrogen 
bromide concentration, and the lack of positive dependence on #-toluic acid concentration, 
indicate that chain termination is not by a reaction involving a brémine atom. 

Side-chain bromination is an important reaction in the vapour-phase oxidation of 
toluene in the presence of hydrogen bromide,’ and therefore a likely reaction here. The 


1 B.P. 666,709. 

2 U.S.P. 2,479,067. 

3 Emerson, Shafer, and Heimsch, J. Org. Chem., 1951, 16, 1839. 

* B.P. 833,438. 

5 Ravens, Tvans. Faraday Soc., 1959, 55, 1768. 

® Rust and Vaughan, Ind. Eng. Chem., 1949, 41, 2595. 

7 Barnett, Bell, Dickey, Rust, and Vaughan, Ind. Eng. Chem., 1949, 41, 2612. 
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product, p-bromomethylbenzoic acid, is rapidly hydrolysed under the conditions of the 
reaction to the corresponding hydroxy-compound. 





EXPERIMENTAL 


The identity of each oxidation product was checked by comparison of the infrared spectrum 
with that of authentic material. 

Apparatus and Methods.—Three different autoclaves were used. The key letter attached 
to each is used to refer to it throughout. 

(A) A mild-steel autoclave of capacity 1-litre was equipped with an anchor-type agitator, 
thermocouple pocket, pressure gauge, and bursting disc. The inside of the autoclave body 
and the thermocouple pocket were lined with enamel. The roof of the autoclave was protected 
by a plate of Langalloy 4R. Interchangeable agitators were used, one enamel-lined, the other 
constructed of poly(tetrafluoroethylene). All the measurements of oxidation rates were 
obtained by using this vessel. 

(B) A mild-steel autoclave of capacity 250 ml. was similar to autoclave (A) but lacked 
means of agitation. 

(C) A stainless-steel Bergius rotating autoclave of capacity 2 litres was equipped with a 
thermocouple pocket, pressure gauge, and bursting disc. A removable glass lining was fitted 
to reduce corrosion. The space between the glass and the autoclave was packed with asbestos. 
Agitation was provided by rotating the entire autoclave on its longitudinal (horizontal) axis. 

The following general procedure was used with the above autoclaves: 

The liquid and solid reactants were charged into the autoclave, which was then sealed, 
and oxygen was added to the desired pressure from a cylinder. Agitation was begun (A and 
C), the autoclave was heated electrically to the desired temperature (recorded by a recorder- 
controller), and the pressure was recorded at intervals. After a given time the autoclave was 
allowed to cool to room temperature and the contents were discharged. 

Sealed glass tubes were also used, as follows: the liquid and solid reactants were added to a 
glass tube of diameter 2-2 cm., then a smaller glass tube of internal diameter 1 cm., sealed at 
one end and containing 100-vol. hydrogen peroxide (10 ml.), was introduced. The larger tube 
(capacity 150 ml.) was sealed and heated in an electric furnace, first for 30 min. at 80—100° to 
decompose the hydrogen peroxide, then at the temperature and for the time required to conduct 
the oxidation. Except where otherwise specified, 5% aqueous hydrogen bromide (10 ml.) was 
used as the reaction medium, and the reaction was conducted at 200° for 4 hr. 

Paper Chromatography.—Chromatograms were developed by using the equilibrated organic 
layer from butan-1l-ol-water-triethanolamine (45:45:10). Spots were detected by contact 
photography of the developed strip against bromide paper under ultraviolet light. 

In the water-soluble product from the oxidation of p-toluic acid were detected terephthalic 
acid, small amounts of p-toluic acid and p-formylbenzoic acid, and a trace of an acid which ran 
at the same rate as p-hydroxymethylbenzoic acid. For this information we are indebted to 
Dr. B. F. Nesbitt. 

Oxidations.—Table 1 gives the results of oxidations carried out in the presence of aqueous 
hydrogen bromide, including the appropriate reaction conditions. Table 2 gives the results 
of oxidations carried out in the presence of aqueous hydrogen bromide and a vanadium com- 
pound; the oxidation was always carried out in a sealed glass tube, as already described, 
with 2% of the compound to be oxidised and addition of 1% of ammonium vanadate based on 
the aqueous phase. 

Hydrolysis of p-Bromoethylbenzoic Acid.—The acid (2-0 g.) was heated with 2% aqueous 
hydrogen bromide (20 ml.) in a sealed tube at 180° for 2 hr. p-Hydroxymethylbenzoic acid 
(1-28 g.; m. p. and mixed m. p. 179—181°) was isolated by filtration. 

2,5-Dibromoterephthalic Acid.—p-Xylene (4-0 g.), water (30 ml.), and bromine (35 g.) were 
heated together in a sealed tube at 180° for 2 hr. The insoluble product was extracted with 
boiling acetone. The acetone-soluble material, on extraction with boiling chloroform, left 
a crude acid which after dissolution in alkali, treatment with carbon, reprecipitation, and 
recrystallisation from acetone and then water gave 2,5-dibromoterephthalic acid, m. p. 318° 
[dimethy] ester, m. p. 137° (Found: C, 34-3; H, 2-3; Br, 45-8. Calc. for C,,H,Br,O,: C, 34-1; 
H, 2-3; Br, 45-4)]. 
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Bromoterephthalic Acid.—p-Toluic acid (2-0 g.), water (20 ml.), and bromine (7 g.) were 
heated together in a sealed tube at 180° for 2 hr. The water-insoluble product was free from 
terephthalic acid and entirely soluble in acetone. Extraction with chioroform left bromotere- 


phthalic acid, m. p. 292—296°, raised to 300° by recrystallisation from water (dimethyl ester, 


TABLE 1. 


Oxidation of aromatic compounds in aqueous hydrogen bromide. 


« Yield (%) Concns. (%) Conditions 
Acid sought & equip- Compound Time 
Compound oxidised or isolated ment ? ¢ oxidised HBr Temp. (hr.) 

p-Toluic acid Terephthalic 92 A 10 1 200° 2 
90G 5 5 200 4 

m-Toluic acid Isophthalic 97 C 10 2 180 2 
o-Toluic acid Phthalic 86 C 10 2 180 2 
p-Bromomethylbenzoic acid Terephthalic 2C 7:5 0 180 2 
p-Dibromomethylbenzoic acid Terephthalic 89 G 4 0 180 2 
p-Hydroxymethylbenzoic acid Terephthalic 91G 5 5 180 4 
p-Formylbenzoic acid Terephthalic 79 G 3 15 180 2 
p-Nitrotoluene p-Nitrobenzoic 84G 5 5 200 2 
p-Toluenesulphonic acid p-Sulphobenzoic 49G 5 5 200 2 
y-Picoline Isonicotinic 84* B 10 10 180 5 
p-Isopropylbenzoic acid Terephthalic 24C 10 2 180 2 
p-(1l-Hydroxy-1-methylethy])- Terephthalic 3G 2 5 200 4 

benzoic acid 

p-t-Butylbenzoic acid Terephthalic 0G 10 2 200 2 
Toluene 0G 20 5 200 4 
Ethylbenzene Costdent id 0G 20 5 200 + 
Cumene ee 0G 20 5 200 4 
Acetophenone 0G 20 5 200 4 


* After allowance for recovered y-picoline. f Autoclave A, B, or C; or G = glass. 


TABLE 2. 


Oxidations in the presence of a vanadium compound and aqueous hydrogen bromide. 





Compound Product sought Yield Compound Product sought Yield 
oxidised or isolated (%) oxidised or isolated (%) 
p-Isopropylbenzoic Terephthalic acid 82 p-Xylene Terephthalic acid 13 
acid Bromoterephthalic 21 
p-(1-Hydroxy-1- Terephthalic acid 56 acid 
methyl ethyl)- 2,5-Dibromotere- 36 
benzoic acid phthalic acid 
p-Di-(l-hydroxy-1l-- Terephthalic acid 44 p-Cymene Terephthalic acid 11 
methylethyl)- p-t-Butyltoluene Terephthalic acid 0 
benzene p-Di-isopropyl- Terephthalic acid 63 
Toluene p-Bromobenzoic acid 54 benzene 
Ethylbenzene Benzoic acid 40 
Cumene Benzoic acid 59 
Acetophenone Benzoic acid 58 


m. p. 52°). The 


methylbenzoic acid, m. p. 202°. 
Action of Aqueous Bromine on Terephthalic Acid.—Terephthalic acid (2-0 g.), water (20 ml.), 
and bromine (1-3 g.) were heated in a sealed tube at 180° for 2 hr. 


was recovered. 


chloroform extract on recrystallisation from water provided 3-bromo-4- 


Terephthalic acid (2-0 g.) 


The authors are indebted to Mr. E. C. Pugh for experimental assistance. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
DyestuFrs Division, BLACKLEY, MANCHESTER, 9. 


FIBRES DIVISION, HARROGATE, YORKSHIRE. 


[Received, March 8th, 1961.) 
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797. Effects of y-Radiation. Part V.* Irradiation of Cyclo- 
hexene and Cyclohexanol. 


By A. J. Batvey, S. A. BARKER, R. H. Moore, and M. STACcEy. 


Irradiation of aqueous suspensions of cyclohexene containing oxygen 
gave mainly cyclohexane-trans-1,2-diol, adipdialdehyde and adipic acid. 
The rates of production of vic-glycols and carbonyl compounds during 
irradiation of aqueous solutions of cyclohexanol in vacuo have been 
determined. 


IRRADIATION of cyclohexene was carried out principally to study, first, the stereo- 
specificity, if any, of the hydroxylation of the double bond and, secondly, the extent to 
which scission of the carbon-carbon double bond occurred. The products obtained 
from cyclohexanol in vacuo were examined to evaluate the relative amounts of dimerisation 
and oxidation at a secondary alcohol site in a six-membered ring. Both studies were 
required as models for related derivatives containing the pyranose ring. 

The cyclohexane-1,2-diol fraction isolated after irradiation of cyclohexene in the 
presence of oxygen was shown to consist principally of the more stable trans-isomer by 
three methods. The cis-diol formed a weak complex with borate and had Mg 0-09 in a 
borate buffer of pH 10.1 The isolated diol fraction, like that of the authentic évans-diol, 
was largely immobile in this buffer but a small amount of the czs-diol could be detected. 
The isolated diol was converted into the dibenzoate (m. p. 177°) and /-phenylazobenzoate 
(m. p. 182—184°). The melting point ? of the p-phenylazobenzoate of the cis- is rather 
lower (162°) than that of the trans-isomer (184—185°); our values confirm the prepon- 
derance of the latter in our product. Criegee * showed that oxidation by lead tetra- 
acetate was faster for the cis- than the frans-isomer. By comparison (Table 1) with the 
rates of oxidation of synthetic mixtures and the diols themselves the concentration of 
cis-isomer in our product was estimated to be +10%. 


C202 oo 
° 0, CO.H 
So, 
you 
on OH -H,0 a 
——— > 

OH O2H CHO 
Other components of the irradiation mixture have been tentatively identified as czs- 
and trans-2-hydroxycyclohexyl hydroperoxide. The two compounds were oxidised by 
periodate and liberated iodine from potassium iodide. A general method 5 for the prepar- 
ation of hydroxy hydroperoxides is the reaction between the epoxide and a peroxide; 
cyclohexene oxide was therefore prepared by the oxidation of cyclohexene with perbenzoic 
acid and treated with hydrogen peroxide in the presence of sulphuric acid. Chromato- 
graphy of the product revealed the presence of two spots, presumably the cis- and the trans- 
form, both reacting with potassium iodide * and of Ry values identical with those of the 


components of the irradiation mixture. Scholes and Weiss‘ reported the formation of 
stable cis- and trans-hydroxy-hydroperoxides on irradiation of thymine in aqueous solution 


* Part IV, J., 1959, 2871. 

1 Foster, Chem. and Ind., 1953, 1050; J., 1953, 982. 
2 Brimacombe, Foster, Hancock, Overend, and Stacey, /J., 1960, 201. 
3 Criegee, Ber., 1931, 64, 260; 1932, 65, 1770. 

4 Scholes and Weiss, Nature, 1960, 185, 305. 

5 Barusch and Payne, J. Amer. Chem. Soc., 1953, '75, 1987. 
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in the presence of oxygen. Both isomers were synthesised by Ekert and Monier ® and they 
were separated by chromatography. 

The annexed scheme shows the postulated breakdown of cyclohexene which accounts 
also for the fission products, adipdialdehyde and adipic acid. 

The ratio of fission to hydroxylation has been estimated to be 1-8 to 1. Oxidation by 
periodate sufficed to determine total vic-glycol and its related oxidation products (3-35%) ; 
fission at the ethylenic bond was estimated by the total acid content (as adipic acid, 1-85%) 
and aldehyde content (as adipdialdehyde, 41%). Paper chromatography of the products 
from irradiation of aqueous cyclohexene im vacuo again revealed hydroxylation, but 
adipdialdehyde and adipic acid could not be detected: instead, extensive polymerisation 
of cyclohexene occurred. 

Irradiation of aqueous cyclohexanol im vacuo would be expected to result in the 


formation of the radical C;H,)>C-OH by hydrogen abstraction; competing reactions 
of this radical should then yield the dimeric vic-glycol or cyclohexanone. The G value 
for vic-glycol formation was 0-34 after 17-5 hours’ irradiation at 1-28 x 10" ev ml. 
min. which is of the order 7? found for secondary alcohols irradiated as pure liquids. The 
(; value for the formation of carbonyl compounds (calculated as cyclohexanone) after 
the same time was 0-89. 


EXPERIMENTAL 


Irradiation of Cyclohexene.—Deionized distilled water (1-7 1.) was degassed by vigorous 
boiling at ca. 0-3 mm. and then saturated with oxygen. Cyclohexene (1-6204 g.; b. p. 83°; 
n,*° 1-4455) was added, oxygen added (to 5 Ib./sq. in.), and the vigorously stirred suspension 
irradiated with a ®°Co source (200 c) § for 24 hr. (dose 12-2 x 10!® ev/ml.). A brown viscous 
liquid (0-267 g., 16-59%) was obtained on freeze-drying of the irradiated solution. 

A solution of the products showed no significant ultraviolet absorption peaks and contained 
acids corresponding to 0-44 milliequiv. per g. of cyclohexene irradiated. Paper chromato- 
graphy in butan-l-ol-ethanol—water (4: 1:5 v/v) and isopentyl alcohol—5n-formic acid (1: 1), 
with sprays of alkaline silver nitrate,® periodate—benzidine,’ 2,4-dinitrophenylhydrazine— 
potassium hydroxide," and Chlorophenol Red,!* suggested that the major products were the 
cyclohexane-1,2-diols and adipic acid, with adipdialdehyde and probably 2-hydroxycyclohexyl 
hydroperoxides. 

The irradiation mixture was stirred with Deacidite FF (CO, form), and the neutral com- 
ponents were eluted from the resin with water. Acid components were eluted with N- 
ammonium carbonate, and the ammonium ions removed from the eluate with Amberlite 
IR-120 (H* form). The aqueous solutions were freeze-dried (neutral components, 60%; 
acid components, 8%). ‘ 

The neutral components were separated on a cellulose column irrigated with the butanol 
solvent mentioned above. Fractions (Rp 0-84) containing mainly the diols were treated with 
2,4-dinitrophenylhydrazine to remove a carbonyl impurity. The excess of reagent was 
removed by passage down Amberlite IR-120 (H* form). Ionophoresis! in borate buffer of 
pH 10-0 showed that the mixture was mainly cyclohexane-trans-1,2-diol (Mg 0), with a small 
amount of the cis-1,2-diol (Mg 0-09). The diol (50 mg.), on treatment * with p-phenylazo- 
benzoyl chloride in pyridine, gave the ester (125 mg.), m. p. 182—184°. 

Relative concentration of cis- and trans-diol. The rates of oxidation of cyclohexane-cis- and 
tvans-1,2-diol (25 mg. portions) by 0-1315N-lead tetra-acetate (25 ml.) were determined at 
ambient temperature by Hockett and McClenahan’s procedure.'* The rates of oxidation of 
synthetic mixtures of the cis- and trans-isomers were also determined. Results are in Table 1. 


Ekert and Monier, Nature, 1959, 184, BA 58. 
McDonell and Newton, J. Amer. Chem. Soc., 1954, 76, 4651. 
Gibson and Pearce, Chem. and Ind., 1957, 613. 
Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444. 

10 Cifonelli and Smith, Analyt. Chem., 1952, 26, 1132. 

11 Block, Durrum, and Zweig, ‘‘ A Manual of Paper Chromatography,” Academic Press, New York, 
1955, p. 344. 

12 Brown, Nature, 1951, 167, 441. 

18 Hockett and McClenahan, J. Amer. Chem. Soc., 1932, 61, 1667. 
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TABLE 1. 
Oxidation of cyclohexane-cis- and trans-1,2 diol. 


Lead tetra-acetate consumed (mol.) 


50% cis 25% cis Diols from 
Time (hr. 100% cis +50% trans +75% trans 100% trans cyclohexene 
0-1 0-64 
0-5 1-00 0-68 
1-0 0-71 0-55 0-42 0-50 
2-0 0-78 0-63 0-61 
3-0 0-83 0-71 0-62 
4-0 0-74 
5-0 0-82 
5-5 0-77 
6-0 0-91 0-83 
8-0 0-95 0-93 0-90 
10-0 0-95 


Identification of adipdialdehyde. ‘This product was eluted in the first fraction (Rp 0-9) from 
the cellulose column. Its ultraviolet spectrum was identical with that of the authentic 
compound. This fraction yielded a bis-2,4-dinitrophenylhydrazone, m. p. and mixed m. p. 
167—169°. 

Tentative identification of 2-hydroxycyclohexyl hydroperoxides. The fraction from the 
cellulose column with Rp 0-57 reacted 4 with ethanolic potassium iodide containing the starch 
derivative, ‘‘ Thyodene,”’ alkaline silver nitrate, benzidine—periodate,! and 2,4-dinitropheny]l- 
hydrazine," but not with an alkaline hydroxylamine—nickel sulphate spray.4* It had Mg, 
0-15 in borate buffer pH 10. It showed no absorption at 262 my. The diol fraction (Rp 0-84) 
also contained a component reacting with ethanolic potassium iodide containing ‘“‘ Thyodene.”’ 
Two components (Rp 0-57 and 0-84) exhibiting the same reaction were present in 2-hydroxy- 
cyclohexyl hydroperoxides prepared by treatment of cyclohexene oxide (2 ml.) with 30% 
hydrogen peroxide (2 ml.) and concentrated sulphuric acid (1 drop) for 2 hr. at room temper- 
ature and ether-extraction of the mixture from which the excess of hydrogen peroxide had 
been removed by addition of titanium sulphate. 

Identification of adipic acid. The free-acid fraction obtained after separation of the neutral 
components consisted mainly of a component having Ry 0-72 in pentyl alcohol—formic acid, 
identical with that of adipic acid. Three other acidic components (Rp 0-3, 0-47, 0-57) were 
present in small amounts. After paper chromatography the adipic acid was characterised as 
its S-benzylthiouronium salt, m. p. and mixed m. p. 122—124° (Found: C, 55-6; H, 6-4; 
N, 11-8. Calc. for C,H ygN,O0,S,: C, 55-2; H, 6-2; N, 11-8%). 

Irradiation of Cyclohexanol.—Solutions of carbonyl-free cyclohexanol (0-1% in distilled 
deionised water) in 20-ml. irradiation vessels were degassed for 1 hr. at ca. 0-3 mm. and were 
then irradiated for various times at a dose rate of 1-28 x 10%? ev ml. min.*!. 

The amounts of vic-glycols formed were determined by Dixon and Lipkin’s procedure. 
Solutions were diluted 10 times, to give concentrations suitable for spectrometry. Results are in 
Table 2. 

TABLE 2. 


Formation of vic-glycols. 


PINE WON BED © Sic ccnccdonanscedtacotes 17-5 47 51-5 73-5 * 
Sy Se” MT GL \cnwndusiepinctadeetocts 7-6 5:3 2-0 4-1 
Or I  eadcsatsdisacdienticernmmsievacceseens 0-34 0-09 0-03 0-05 


* Deposited polymer removed before analysis. 


The total carbonyl-containing products were determined (see Table 3) by reaction with 
2,4-dinitrophenylhydrazine.4® Yields were calculated from the molar extinction coefficient 
determined for cyclohexanone 2,4-dinitrophenylhydrazone (e435 1-33 x 104). 


4 Ferguson and Banks, Analyt. Chem., 1951, 28, 448. 
18 Dixon and Lipkin, Analyt. Chem., 1954, 26, 1092. 
'6 Lappin and Clark, Analyt. Chem., 1951, 23, 541. 
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TABLE 3. 
Formation of carbonyl compounds. 


BORO SIE GRD nccccciccisnccsscscecove 17-5 47 73-5 95-5 125 
CO compounds (10-* mole/l.) ............... 2 5-9 2-3 1-02 0-35 
Oe. PE Sincnkcitonndnctiniasmenispaiaecs 0-89 0-98 0-25 0-084 0-023 


Circular paper chromatography of the 2,4-dinitrophenylhydrazones showed, inter alia, a 
component having Ry 0-99 in light petroleum (b. p. 60—80°)—benzene (3:2 v/v), identical 
with that of cyclohexanone 2,4-dinitrophenylhydrazone. After removal of the hydrazone, 
the excess of 2,4-dinitrophenylhydrazine was absorbed on Amberlite IR-120 (H* form), and the 
acids were removed on Amberlite IR-4B (OH™~ form). The colourless neutral eluate was 
concentrated to a syrup. Paper chromatography in the above-mentioned butan-l-ol solvent 
revealed a component giving a positive reaction with periodate—benzidine.’” 

Periodate oxidation of the eluate followed by treatment with 2,4-dinitrophenylhydrazine 
in 2n-hydrochloric acid gave, inter al., a component with the mobility of cyclohexanone 
2,4-dinitrophenylhydrazone in two solvent systems. 


The authors thank U.K.A.E.A., Harwell, for supporting these investigations and for 
maintenance grants (to A. J. B. and R.H.M.). 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM, 15. [Received, March 30th, 1961.] 





798. The Tautomerism of A®-Octal-2-one. 
By D. J. BaistED and J. S. WHITEHURST. 


Some cyclisations leading to A’®)-octal-2-one have been studied. As 
ordinarily prepared this compound contains its A%®-isomer. 


In connection with other work, we required A™-octal-2-one (II; R = H) and as we had 
already made a quantity of 2-hydroxymethylenecyclohexanone we decided to prepare it 
from this compound. Treatment with 4-diethylaminobutan-2-one methiodide and 
sodium ethoxide in anhydrous ethanol furnished the adduct (I; R =H). When 2-hydr- 
oxymethylenecyclohexanone was refluxed with methyl vinyl ketone and a trace of 
potassium hydroxide 1m the absence of solvent, the product (85%) was the adduct (I; R = 
CHO). When methanol was present, partial cyclisation occurred as shown by absorption 
at 238 my (in ethanol). Both compounds (I; R =H and CHO), when refluxed with 
potassium hydroxide in methanol, gave the octalone (II; R = H). 

We also tried the effect of toluene--sulphonic acid in refluxing benzene on the aldehyde 
(I; R = CHO) in the hope that the formyl group might be retained to produce the octalone 
(II; R = CHO), a simple route to which might be of value. With a catalytic amount of 
acid two compounds were formed and isolated as their 2,4-dinitrophenylhydrazones: one 
was Clearly that of the octalone (II; R = H), the other from elemental analysis and light 
absorption studies was formulated as that of the bridged compound (III).1 No trace of 
the octalone (II; R = CHO) or of the spiro-ketone (IV) was detected. With more toluene- 
p-sulphonic acid the octalone (II; R = H) was the chief product. 

One curious feature of the octalone (II; R = H) was the presence of a shoulder (for 
some specimens a small band) in the infrared absorption spectrum at 1710 cm.+. At 
first this was thought to be due to a saturated carbonyl-bearing impurity but when other 
routes 3.4 to compound (II; R = H) were followed all the products had this absorption. 

1 For similar compounds see Johnson, Korst, Clement, and Dutta, J. Amer. Chem. Soc., 1960, 82, 
614. 

- 2 du Feu, McQuillen, and Robinson, J., 1937, 53. 


3 Mannich and Braun, Ber., 1920, 58, 1874; Mannich, Koch, and Borkowsky, Ber., 1937, 70, 355. 
4 Pappo and Tsatsos, quoted by van Tamelen and Proost, J. Amer. Chem. Soc., 1954, 76, 3632. 
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By successive distillations this absorption was diminished but not eliminated; con- 
comitantly absorption at 238 my («$-unsaturated ketone) increased slightly. Extraction 
with aqueous sodium hydrogen sulphite solution did not purify the compound. 
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The 2,4-dinitrophenylhydrazone ? of the octalone (II; R = H) was prepared and was 
chromatographically homogeneous. Unfortunately it required vigorous conditions 
for its hydrolysis.» However, the semicarbazone,? also apparently homogeneous, was 
hydrolysed quantitatively with warm 1-5% aqueous hydrochloric acid. The regenerated 
octalone still possessed the 1710 cm. absorption and appeared to be identical with the 
starting material. The only reasonable conclusion is that compound (II; R =H), as 
ordinarily prepared, contains the ketones (V) and (VI; R =H) and is probably in 
equilibrium with either or both. The lack of infrared absorption near 820 cm.1 
(>C=CH-) supports structure (V) rather than (VI; R = H). 

Conformational analysis shows that on the usually accepted chair and half-chair ring 
conformations the sum of the non-bonded interactions is virtually identical for structures 
(II) and (VI). The energy difference will thus be the resonance energy of compound (II). 
When the angular-substituted compounds (II; R= Me and CO,Et), for which a 
tautomeric structure (V) is impossible, were made, they were found to be spectrally pure 
and not to undergo equilibration to the isomers (VI) on treatment with mild basic catalysts. 
The tautomer of compound (II; R = H) is thus (V). 

A model of structure (V) shows that, provided the atoms have their normal valency 
angles, a cyclohex-3-enone ring is a half-boat (Va). However, only one eclipse is present, 
that of the carbon chain C,,~C,4) (in the case of the cyclohexene half-boat the C-H 
bonds are also eclipsed). The bow and the stern axial hydrogen atoms (2-74 A apart) 
do not interfere. The tetrasubstituted bond evidently confers considerable stability 
on this structure. The isomerisation ® of glutinone (VII) to glut-5(10)en-3-one (VIII) is 
of interest in this connection. 


(VI) 





(VII) (VIII) 


EXPERIMENTAL 


2-3’-Oxobutylcyclohexanone.—4-Diethylaminobutan-2-one methiodide (50 g.) in absolute 
ethanol (150 ml.) was added, during 1 hr., to an ice-cold, stirred solution of 2-hydroxymethylene- 
cyclohexanone (15 g.) in ethanolic sodium ethoxide [from sodium (2-2 g.)] in absolute ethanol 
(180 ml.). The mixture was stored overnight at room temperature, refluxed for 3 hr., cooled, 
and extracted with ether. The extract was washed with water and dried (MgSO,). Evapor- 
ation and distillation gave the diketone (11-6 g., 58%), b. p. 110°/1-0 mm., ,,** 1-4675 (Found: 
C, 72-2; H, 9-4. CC, 9H,,O, requires C, 71-4; H, 9-6%). 

2-Formyl-2-3'-oxobutylcyclohexanone.—(a) 2-Hydroxymethylenecyclohexanone (8 g.), methyl 
vinyl ketone (6-7 g.), quinol (trace), and potassium hydroxide (~ 0-05 g.) were refluxed for 5 hr. 

5 The method of Robinson (Nature, 1954, 173, 541) was not successful with this compound. 


® Chapon, Bull. Soc. chim. France, 1955, 1076; Beaton, Spring, Stevenson, and Stewart, Tefrahedyon, 
1958, 2, 246; Paton, Spring, and Stevenson, J., 1958, 2640. 
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After cooling, a few drops of concentrated hydrochloric acid were added. The product was 
then distilled, to give 2-formyl-2-3’-oxobutylcyclohexanone (10-5 g., 85%), b. p. 113— 
116°/0-02 mm., »,?** 1-4833 (Found: C, 67-2; H, 8-5. C,,H,,0O, requires C, 67-3; H, 82%), 
Vmax. (film) 2750, 1713, 1444, 1420, 1340, 1170, 1130, 1098, 1068, and 960 cm.~!. 

(b) The formylcyclohexanone (6-3 g.) was refluxed for 18 hr. with a solution of 4-diethy]l- 
aminobutan-2-one (8-6 g.) and pyridine (4-3 ml.) in dry benzene (60 ml.), cooled, washed with 
dilute hydrochloric acid, water, and brine, and dried (MgSO,). Distillation gave formylcyclo- 
hexanone (2-1 g.) and the formyl adduct, as above (1-13 g., 11-5%), b. p. 110—113°/0-03 mm., 
n,'® 1-4830. 

A®_Octal-2-one.—(a) The formyl adduct (7-0 g.) in methanol (800 ml.) and aqueous 45% 
potassium hydroxide solution (100 ml.) was refluxed under nitrogen for 24 hr. After cooling, 
the solution was poured into brine and extracted with ether. The extracts were washed with 
water, dried (MgSO,), and evaporated. Distillation afforded the octalone (3-5 g., 56%), b. p. 
90—93°/0-25 mm., m,,'° 1-5250. After two further distillations it had Ama, (in EtOH) 238 my 
(c 13,720), Vmax, (film) 1710, 1674, and 1622cm.1. The 2,4-dinitrophenylhydrazone crystallised 
from ethy] acetate as scarlet plates, m. p. 170—172°, and from ethanol-ethy] acetate as needles, 
m. p. 176—177°, Amax, (in CHCl;) 390 my (e 24,850). The semicarbazone crystallised from 
ethanol as prisms, m. p. 207—208°, Anax. 269 my (e 23,700). 

(b) The formyl adduct (3-72 g.) was heated under reflux for 19 hr. with toluene-p-sulphonic 
acid (0-2 g.) in dry benzene (125 ml.)._ The solution was then washed with water, dried (MgSO,), 
and evaporated. Distillation gave a pale yellow liquid (2-2 g.), b. p. 90—112°/0-04 mm., whose 
2,4-dinitrophenylhydrazone was chromatographed in chloroform on bentonite-kieselguhr, to 
yield the bis-2,4-dinitrophenylhydrazone of compound (III) as yellow platelets (from ethyl 
acetate, insoluble in the cold), m. p. 245° (decomp.) (Found: C, 51-75; H, 4:4; N, 20-5. 
Cy3H..N,O, requires C, 51-3; H, 4-1;- N, 20-8%), Amax. (in CHCl) 360 my (ce 29,880), and the 
2,4-dinitrophenylhydrazone of (II; R = H), m. p. 176—177°. 

No other products were isolated. 

(c) The formyl adduct (28 g.) was refluxed with toluene-p-sulphonic acid (7-0 g.) in benzene 
(750 ml.) for 14 hr., after which the theoretical amount of water (2-90 ml.) had been collected. 
The product was worked up as usual and gave the octalone (II; R = H) (14-0g.). 

(d) 2-3’-Oxobutylcyclohexanone (I; R = H) (10 g.) was refluxed with toluene-p-sulphonic 
acid (5-0 g.) in dry benzene (500 ml.). The theoretical amount of water had collected after 30 
min.. Working up in the usual way gave the octalone (Il; R = H) (8-5g.). 

The semicarbazone of A™)-octal-2-one was hydrolysed with 1-5% aqueous hydrochloric acid 
ona water bath for 5 min. The ketone was regenerated quantitatively. 

Ethyl 2-Oxo-1-3'-oxobutylcyclohexanecarboxylate.—Ethy1 2-oxocyclohexanecarboxylate (20 g.) 
was refluxed for 4 hr. with methyl vinyl ketone (15 g.) and potassium hydroxide (~0-2 g.). 
After cooling, chloroform was added and the solution washed with water and dried (MgSO,). 
Distillation afforded the adduct (21-25 g., 55%), b. p. 133—135°/0-6 mm., ,?* 1-4748 (Found: 
C, 65-5; H, 8-3. Calc. for C,s;H.»O,: C, 65-0; H, 8-4%). The 2,4-dinitrophenylhydrazine 
crystallised from ethanol in yellow needles, m. p. 178°. 

Ethyl 3-Oxo-A*-octalin-9-carboxylate——The above adduct (17-4 g.) was treated with 
toluene-p-sulphonic acid (10 g.) in refluxing benzene (800 ml.) under a water separator for 
1} hr., after which the theoretical amount of water (1-3 ml.) had separated. Working up in the 
usual way gave the octalone (15-48 g., 95%), b. p. 120°/0-45 mm., ”,° 1-5070, vmax. (film) 1724, 
1676, 1629, 1450, 1331, 1298, 1258, 1229, 1184, 1089, 1016, 940, and 858 cm.}. 

10-Methyl-A®)-octal-2-one—This compound was made, according to the directions of 
Yanagita et al.,” in 30% yield and had b. p. 96—100°/0-5 mm., n,," 1-5235. 
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799. «-Allylated Acetaldehydes. 
By R. F. Wess, A. J. DuKE, and J. A. PARsoNs. 


Preparative methods have been developed for mono-, di-, and tri-allylated 
acetaldehydes. Thermal rearrangement of allyl vinyl ethers in the condensed 
phase at >~160° gives substantial amounts of the products of the aldol 
reaction, and also of the subsequent crossed Tischenko reaction, from the 
pent-4-enal initially produced. 


THE rearrangement of allyl enol ethers to substituted pent-4-enals, originally observed by 
Hurd and Pollack,’ has recently been developed by Brannock ? into a preparative method 
for 2,2-dialkylpent-4-enals. We have employed comparable methods for the production 
of the allylated acetaldehydes (Ia—c) and (IIa and b), which differ from Brannock’s 
products in having no substituents other than the allyl groups on the «-carbon atom. 
(CHg:CR*CHR’),CHs_2°CHO (I)a: R= R’ =H, 


x 
b: R= R’=H, x 
c: R= R’=H,x 


1. (IDa: R= Me, R’=H,x= 1. 
2. b: R= H, R’ = Me,x= |. 
7 


I i 


Various improved methods have recently been described for the production of the 
starting materials, the allyl vinyl ethers.2* Thermal rearrangements of vinyl ether itself 
under pressure in the condensed phase at ~200°, as described for the gas-phase rearrange- 
ment,! gave two condensation products (see below) of pent-4-enal at a rate comparable 
to that of the rearrangement. Rearrangement proceeds, however, smoothly and without 
the use of pressure, in an inert solvent at 110—140°, providing a convenient preparation 
of pent-4-enal (Ia). This procedure is also convenient for the production of allylacet- 
aldehydes substituted in the allyl portion: compounds (IIa and b) have been obtained thus 
from 2-methylallyl and but-2-enyl vinyl ether. These ethers have been previously 
prepared and rearranged by the gas-phase procedure, but none of these products were 
characterised. 

The infrared spectrum of the rearrangement product from but-2-enyl vinyl ether shows 
vinyl bands at 916 and 996 cm.“, supporting a cyclic mechanism for the rearrangement of 
the allyl ethers of unconjugated aliphatic enols (III —» II), as is known to be characteristic 
of the rearrangements of allyl aryl ethers,* O-allyl derivatives of acetoacetates ® and 
8-allyloxyacrylates.’ * 


ain 
C CR——ChH, CR=—=Ch, 

(111) CHR’ Oo oe CHR’ Oo (II) 
CH, —=CH CH,—CH 


The undistilled residue from a preparation of allyl vinyl ether by acid-catalysed 
pyrolysis of acetaldehyde diallyl acetal? was found to contain a large proportion of the 
triallyl compound (Ic). Gas-chromatography of the pyrolysate and of fractions subse- 
quently distilled from the residue showed no mono- or di-allyl derivative (Ia or Ib) or 
intermediate allyl enol ethers, indicating that the successive steps in the series of reactions 


* Pocker * has shown the cyclic mechanism to apply in the rearrangement of allyl vinyl ether itself, 
by the use of isotopic labelling. 

1 Hurd and Pollack, J. Amer. Chem. Soc., 1938, 60, 1905. 

2? Brannock, J. Amer. Chem. Soc., 1959, 81, 3379. 

% Paul, Roy, Fluchaire, and Collardeau, Bull. Soc. chim. France, 1950, 121. 

* Weeks and Grant, B.P. 709,106; Adelman, J. Amer. Chem. Soc., 1953, 75, 2678; 1955, 77, 1669; 
Watanabe and Conlon, ibid., 1957, 79, 2828. 

5 Pollack, U.S.P. 2,870,201. 

® See Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell, London, 1953, p. 599. 

? Croxall and Van Hook, J. Amer. Chem. Soc., 1950, 72, 803. 
8 Pocker, Proc. Chem. Soc., 1961, 141. 
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leading to compound (Ic) (see scheme) proceed progressively faster under the conditions 
employed. It is to be expected that increasing «-alkylation would increasingly favour 
elimination from the successive acetals (or hemi-acetals).? The various acetals are rapidly 
interconverted at the temperatures employed, and the lower-boiling products (allyl vinyl 
ether and allyl alcohol) are removed by distillation while the higher allyl enol ethers are 
continuously returned to the high temperatures of the pyrolysis vessel for rearrangement. 

This observation suggested preparative methods for compounds (Ib and c). Pyrolysis 
of pent-4-enal diallyl acetal (IV), while allyl alcohol was allowed to distil off as formed, 
gave essentially the former (Ib), accompanied by some of the latter (Ic). Subsequent 
return to the reaction mixture, of the mol. of allyl alcohol initially eliminated, while the 
pyrolysis was continued, produced the triallyl derivative (Ic). These procedures starting 
from pre-formed pent-4-enal were preferable to one-step procedures from the ether (IIT) 
or acetaldehyde diallyl acetal. 


CH,:CH*CHy°O"CH:CH, ——3 (Ia) 


(Ia) + CHg!CH*CH,°OH ——w CH,°CH*CH,*CH(O-CH,"CH:CH,), (IV 
or CHy:CH*CHy*CHy*CH(OH)*OCH,*CH:CH, 


- 
3 Similar 


(Ic) <€——— (Ib) <¢€—— CHy2CH*CHy*CH!CH*O"CH,°CH:CH, (V) 
steps 

The infrared spectra of compounds (Ib and c) are surprisingly similar, the only signifi- 
cant differences being a peak at 860 cm.* in the spectrum of the latter, and the differing 
intensities of the C-H stretching bands. 

The by-products referred to above from the pyrolysis of allyl vinyl ether in undiluted 
form are the dehydrated aldol (VIa) of pent-4-enal (characterised by its infrared spectrum, 
molecular weight, and bromine number, and by the ultraviolet absorption of its 2,4-di- 
nitrophenylhydrazone) and a hydroxy-ester, which from its molecular weight and degree of 
unsaturation may be the crossed Tischenko product (VIIa) from pent-4-enal and its aldol.” 
The production of Tischenko-type products under purely thermal conditions has been 
reported, benzaldehyde giving benzyl benzoate at 300—350°. 


CHyICR*CHy*CHy*CH!C(CHO)CHyCRICH, = (VI) a, R= H; b, R= Me 
CHg2CR*CH,*CH,*CH(OH)*CH(CHy*CRCH,)*CHy*O"CO"CHy*CHgCRCH, = (VII) a, R= H; b, R= Me 


The same condensation products were produced in pyrolyses in sealed borosilicate-glass 
tubes and in a stainless-steel autoclave, making it probable that the reaction is thermal and 
not catalysed by the walls of the container. Uncatalysed aldol reactions have been 
observed,}* but previous cases appear to have involved substantially more drastic conditions 
than ours. Condensations of the Doebner—Knoevenagel type involving highly activated 
methylene groups have been observed at low temperatures in the absence of catalysts. 

The same products arise on pyrolysis of pent-4-enal, a fact indicating that they are 
derived from the aldehyde. Comparable products (VIb and VIIb) were obtained on 
rearrangement in bulk of 2-methylallyl vinyl ether; in this case none of the uncondensed 
rearrangement product, 4-methylpent-4-enal, was observed. The presence of the w-double 
bond is not necessary, as valeraldehyde undergoes similar changes at 200°, as judged by 
infrared spectra, at a rate only slightly slower than that for pent-4-enal. 


® Ref. 6, pp. 440—442. 

10 For a survey of this type of reaction, see Kulpinski and Nord, J. Org. Chem., 1943, 8, 256. 

11 Lachman, J. Amer. Chem. Soc., 1924, 46,720; Hurd and Bennett, quoted by Hurd, “‘ The Pyrolysis 
of Carbon Compounds,” The Chemical Catalogue Company, New York, 1929, pp. 239—242. 

12 Engler and Dengler, Ber., 1893, 26, 1445; Hurd and Greengard, quoted by Hurd, ref. 11, pp. 255, 
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13 Patai, Israeli, and Zabicky, Chem. and Ind., 1957, 1671. 
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EXPERIMENTAL 

Allyl Vinyl Ether (II1; R = R’ = H) and 2,2-diallylpent-4-enal (Ic).—Allyl.vinyl ether was 
produced by the methods of refs. 2 and 4 (Watanabe ef al.). The transvinylation is improved 
in larger runs than that described by Watanabe and Conlon‘ by adding the allyl alcohol 
slowly to a molar amount of refluxing butyl vinyl ether, while removing the product from the 
head of the column. Use of larger amounts of mercuric acetate catalyst permits faster distil- 
lation and reduces acetal formation. 

The residue from a preparation by Brannock’s method ? from acetaldehyde diallyl acetal 
(1946 g.), after the head-temperature had finally risen sharply from 97° to >200°, was distilled 
in vacuo, giving 166 g. of distillate, boiling from 123°/15 mm. to 180°/5 mm. On fractionation 
this yielded 2,2-diallylpent-4-enal (Ic) (69-8 g., 4-8%), b. p. 89°/10 mm., ,,** 1-4695, d3§ 0-883, spec. 
refraction 0-3156 (calc.1* 0-3147) [Found: C, 80-4; H, 9-6%; M (cryoscopic, in benzene), 157. 
C,,H,,0 requires C, 80-4; H, 9-8%; M, 164] [orange-yellow 2,4-dinitrophenylhydrazone, m. p. 
150-5—151-5° (from ethanol) (Found: C, 59-2; H, 5-8; N, 16-1. C,H N,O, requires C, 59-2; 
H, 5-85; N, 16-3%))]. 

Pent-4-enal (Ia).—Dry 1-methylnaphthalene (200 ml.) was heated to 140° under a reflux 
condenser, and allyl vinyl ether (79 g.) was run in with stirring during 3—4 hr. The tem- 
perature of the refluxing liquid was then 110°, which rose to 129° after a further 10 hours’ 
refluxing. The product was then rapidly distilled until the head-temperature reached 240°; 
the distillate was fractionated, giving pent-4-enal (63-4 g., 80-4%), b. p. 101—105°, n,,* 1-4161 
(lit.,1 b. p. 103—104°, ,?° 1-4191, b. p.* 102—105°). 

3- and 4-Methylpent-4-enal.—Diethylene glycol ethyl ether was vinylated substantially by 
Reppe’s procedure.4® Sodium (10% by wt. of the ether-alcohol) was dissolved in diethylene 
glycol ethyl ether, ‘‘ Hyflo-Supercel ’’ added, and the mixture refluxed while a mixture of equal 
parts of acetylene and nitrogen was passed in until the infrared spectrum of the liquid showed 
no hydroxyl absorption. The product was then added to a large volume of water and extracted 
continuously with ether. Evaporation of the extract and distillation of the residue gave 
2-ethoxyethyl 2-vinyloxyethyl ether, b. p. 189—192°, m,,** 1-4277, d33 0-941, spec. refraction 0-2731 
(calc. 0-2746) (Found: C, 60-0; H,10-0. C,H,,O, requires C, 59-9; H,10-1%). This was used 
to vinylate 2-methylallyl and but-2-enyl alcohol by Watanabe and Conlon’s procedure,‘ and 
the products were rearranged by refluxing them in 1-methylnaphthalene (2 vol.) until the liquid 
temperature rose above 160° (about 6 hr.), at which stage the infrared spectra of the products 
in solution showed no peaks assignable to the vinyl ethers. The aldehydes were then distilled 
as for the unsubstituted pent-4-enal (see above). The yields, etc., of these products are recorded 
in the Table (C,H,,O requires C, 73-4; H, 10-3%). 


Yield Spec. refraction Found (%) 

Substance B. p. (%) np* a3 Found Cale. & H 
2-Methylallyl vinyl ether... 89-5° 33 14188 0-8024 0-3143 03137 73-55 10-25 
But-2-enyl vinyl ether ...... 98-5 65 1-4168 0-8017 0-3134 0-3137 73-14 10-54 

4-Methylpent-4-enal _...... 128 87 1-4260 0-8544 00-2996 0-3005 73-0 10-3 

3-Methylpent-4-enal ......... 116 40 14211 0-8486 0-2985 03005 73-4 10-3 


2,4-Dinitrophenylhydvrazones were prepared from 3- and 4-methylpent-4-enals and, recrystal- 
lised from ethanol, had respectively m. p. 90-5° (Found: C, 51-6; H, 5-1; N, 20-1. C,,H,,N,O, 
requires C, 51:8; H, 5-1; N, 20-1%) and m. p. 92-5° (Found: C, 51-4; H, 5-1; N, 20-0%). 

2-Allyl- (Ib) and 2,2-Diallyl-pent-4-enal (Ic).—Pent-4-enal (21-0 g., 0-25 mole), allyl alcohol 
(43-5 g., 0-75 mole), benzene (50 ml.), and toluene-p-sulphonic acid (250 mg.) were refluxed 
together under a 20 cm. Fenske column and partial-return head into a Dean-Stark trap. Water 
(4-5 ml.) was eliminated in 2 hr., after which distillate was taken off at the partial-return head 
at a reflux ratio of ~1:3. After all the benzene and uncombined allyl alcohol had been 
removed, the reflux ratio was increased to 1: 5—10, and allyl alcohol was removed until 
the head-temperature rose above 100°. At this stage the liquid temperature was 173—176°. 
Distillation of the residue under reduced pressure gave 2-allylpent-4-enal (16-0 g., 53%), b. p. 
(after refractionation) 51-5°/13 mm., n,*° 1-4442, d33 0-8600, spec. refraction 0-3090 (calc. 
0-3087) (Found: C, 77-0; H, 9-6. C,H,,O requires C, 77-3; H, 9-7%) [yellow 2,4-dinitrophenyl- 
hydrazone, m. p. 104° (from ethanol) (Found: C, 55-6; H, 5-3; N, 18-2. C,gH,,N,O, requires 

14 All theoretical specific refractions are calculated by using the tables of Denbigh, Trans. Faraday 


Soc., 1940, 36, 936. 
15 Reppe, I1.G. Farbenind. A.-G., G.P. 584,840. 
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C, 55°25; H, 53; N, 184%). 2,2-Diallylpent-4-enal (6-6 g.), b. p. 100—125°/16 mm., was 
also obtained (dinitrophenylhydrazone, m. p. and mixed m. p. 149—150°). 

To produce the latter as the principal product, the combined distillates were returned to 
the reaction flask at the end of the pyrolytic stage, and the reaction cycle was repeated. In this 
case distillation gave, after 1—2 ml. of forerun, the triallyl compound (16-0 g., 39%), b. p. 
95—97°/18 mm. 

Condensation Products (V1) and (VII) from Pent-4-enal.—Ally1 vinyl ether (68 g.) was heated 
in an autoclave at 190—-210° for 3 hr. and the product was distilled, giving fractions: (1) (12-0 g.), 
b. p. 66—82°, (2) (9-8 g.), b. p. 82—99°, (3) (16-6 g.), b. p. 6(0—95°/15 mm., and (4) (7-0 g.), b. p. 
85—138°/0-04 mm. From their infrared spectra, fractions (1) and (2) were substantially allyl 
vinyl ether [or (III), R = R’ = H)] and pent-4-enal [or (Ia)], respectively. Fraction 3, on 
redistillation, gave 2-allylhepta-2,6-dienal (VIa) (11-5 g., 18-6%), b. p. 92°/9-5 mm., ”,*5 1-4807, 
d33 0-885, spec. refraction 0-321 (calc. 0-313) (Found: C, 79-1; H, 95%; M, 169; equiv. per 
double bond, 52, 53. C,9H,,O0 requires C, 79-9; H,9-4%; M, 150; equiv. per double bond, 50). 
This gave a red 2,4-dinitrophenylhydrazone, m. p. 114-5—115-5° (from ethanol) (Found: C, 
57-8; H, 5-3; N, 17-0. C,ygH,,N,O, requires C, 58-1; H, 5-5; N, 16-9%); max 373 (log ¢ 4-42) 
confirms its formulation as a conjugated aldehyde of the correct order of molecular weight, 
requiring 1° ),,,, ca. 373, (log « ca. 4-46). 

Redistillation of fraction 4 did not give sharp-boiling fractions, but 1-7 g. (2:5%) was 
obtained of boiling range 112—121°/0-12 mm., n,* 1-4797—1-4822, d33 0-996, giving a positive 
reaction in the hydroxylamine-ferric ion test. The infrared spectrum of this material showed 
all the peaks required for 2-allyl-3-hydroxyhept-6-enyl pent-4-enoate (VIIa) (Found: C, 72-2; 
H, 9-5%; M, 272; equiv. per double bond, 79, 81; spec. refraction, 0-286. Calc. for C,;,H,,O,: 
C, 71-4; H, 9-58%; M, 252; equiv. per double bond, 84; spec. refraction, 0-291). 

The corresponding fraction (VIIb), b. p. 200—215°/0-3 mm. (Found: C, 73-1; H, 10-65. 
Calc. for Cj,H3,0,: C, 73-4; H, 10-3%), was obtained on similar pyrolysis of 2-methylallyl vinyl 
ether. 

Pyrolysis of Valeraldehyde.—Samples of valeraldehyde (1 ml.) were heated in a sealed tube 
for various periods at 200° + 10°. Infrared spectra of the products after 45 min., 2 hr., and 
8 hr. showed steadily increasing bands at 3500, 1695, and 1175 cm."}, assignable to «$-un- 
saturated aldehyde and hydroxy-ester, of slightly lower intensity than those observed during 
an identical pyrolysis of pent-4-enal. The bands at 2725 cm.}, due to the aldehydic protons, 
showed a continuous decrease. 


CIBA (A. R. L.) LimIteEp, 
DuxFoRD, CAMBS. [Received, April 28th, 1961.) 


16 Johnson, J. Amer. Chem. Soc., 1953, '75, 2720. 





800. Jnteraction of Trialkyl Phosphates with Boron Trichloride. 
By W. GERRARD and P. F. GRIFFEY. 


Further facts on the formation and pyrolysis of trialkyl phosphate—boron 
trichloride 1 : 1 complexes relate to the formation of (—)-2-chloro-octane from 
the (+-)-l-methylheptyl system, and the stability of the complex at 20°, 
when R = CH,Bu*, Cl-CH,°CH,, or Cl,C-CH,. At elevated temperatures, 
the first gave t-pentyl chloride, and the second gave 1,2-dichloroethane and 
a residue having P-O-B grouping, whereas the third gave a mainly volatile 
products formed by exchange of alkoxyl and chlorine. Boron trichloride 
in excess of 1 mol. failed to give a higher complex with n-butyl phosphate; 
with the s-butyl system, hydrocarbon products (in benzene, s-butylbenzene) 
were produced. 


STEPWISE elimination of alkyl chloride from the complex of alkyl phosphate and boron 
trichloride, (RO),PO,BCl,, (R = Me, Et, Pr", Pr‘, Bu", Bu’, Bu’, or n-pentyl), is confused 
by solidification of the system owing to the formation of polyanhydride, P-O-B, links. 
1 Gerrard and Griffey, Chem. and Ind., 1959, 55; J., 1960, 3170. 
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The fact that the elimination of approximately one mol. of alkyl chloride (presumably 
mainly one alkyl group from each atom of phosphorus) is by an Sy2 (end-on) approach 
of a chlorine anion, is evident from the inversion without loss in optical purity in the 
l-methylheptyl system and in the stability of the complex when R = neopentyl, 
Cl-CH,°CH,, or Cl,C-CH,. Further elimination (under more forcing conditions) is by a 
carbonium-ion mechanism, in view of the optical result, the formation of t-pentyl chloride 
when R = neopentyl, and the formation of olefin and hydrogen chloride. 

Thus (Table 1) at 20°, during 7 days, 2-chloro-octane (0-95 mol.) was formed with 
inversion and very little loss in optical activity, although on further removal of alkyl 
chloride (0-6 mol.) at 20°, and especially at 120° (0-33 mol.), there was a decided loss in 
rotatory power. At 120°, oct-2-ene and hydrogen chloride were also formed. 

In conformity, the trineopentyl phosphate—boron trichloride complex (m. p. 91°) was 
stable for 1 month at room temperature, but gave t-pentyl chloride, hydrogen chloride, 
2-methylbut-2-ene, and isopentane at 120° and 180°; isobutane instead of isopentane was 
obtained at 300°. 

Tri-(2-chloroethyl) phosphate gave a liquid complex which was stable at 20°, but gave 
1,2-dichloroethane (total yield, 2-60 mols.) on being heated (120°, 180°, 300°), hydrogen 
chloride (0-28 mol.) (300°) being the other identified volatile product. In contrast, the 
tri-(2,2,2-trichloroethyl) phosphate complex was stable at 120° for 1 hr., but at 150—160° 
reacted by the mutual exchange of alkoxyl and chlorine giving phosphoryl chloride, 
trichloroethyl phosphorodichloridate, tri-(2,2,2-trichloroethyl) borate, and the original 
phosphate, and only a comparatively small amount of non-volatile residue. 


(ClgC*CH,*O),PO,BCl,; ——t> POCI, -+ RO-POCI, + (RO);B + (RO),PO 


Boron trichloride did not react with tri-n-butyl phosphate in more than the 1 : 1 ratio. 

However, the s-butyl 1 : 1 complex in methylene dichloride gave, with boron trichloride, 
a hydrocarbon product which appeared to comprise polymers of several s-butyl units; and 
when benzene was the solvent, s-butylbenzene was formed. 


EXPERIMENTAL 


Products were characterised by infrared-spectroscopic, gas-chromatographic, and chemical 
analyses. The general procedures for the preparation and pyrolysis of the 1:1 complexes 
have been described.t_ Easily hydrolysed chlorine is designated e.h.Cl, and was determined 
by treatment with water. 

Boron Trihalide and Tri-[{(+-)-1-methylheptyl] Phosphate-——The phosphate, b. p. 154°/0-05 
mm. (Found: P, 7-1. Calc. for C,4H;,0,P: P, 7-1%) was prepared from (-+-)-octan-2-ol and 
phosphorus oxybromide in the presence of pyridine. Boron trichloride (3-16 g., 1 mol.) and 
the phosphate [11-67 g., 1 mol., «24 +17-15° (J = 1 dm.), from alcohol having «,”! +6-76°, 
(1 = 1 dm.)], when mixed in n-pentane (50 c.c.), at —76° and evaporated at 20°/20 mm., gave 
the liquid 1:1 complex (14-83 g.) (Found: e.h.Cl, 19-3. C,,H;,BCl,0,P requires e.h.Cl, 
19-3%). The complex was then decomposed as stated in Table 1, the 2-chloro-octane being 
removed at 0-1 mm. at the end of each period and characterised by distillation and gas chromato- 
graphy. The reaction mixture became very viscous, and eventually solid. After final removal 


TABLE 1. 
Yield of RC Yield of HCl 
(mol.) aps Ny? (mol.) 
MEET,  geavinnitachusscdacevntaseowtdes 0-95 — 21-24° 1-4256 —- 
REED” Sdsatantucecssiacetdncredicuncas 0-60 — 18-44 1-4261 _- 
RE «Wa ev:tndecdctacemeeenaeenaees 0-33 — 11-64 1-4261 0-47 


of volatile matter at 120°/0-1 mm., the solid residue contained 0-51 atom-equiv. of e.h. chlorine 
(corrected for removal of samples for analysis). The alkyl chloride obtained at 120° was mixed 
with oct-2-ene approximately equivalent in amount to the hydrogen chloride formed. 

When (—)-2-chloro-octane, «,*! —28-44°, was heated for 1 hr. at 120° with the powdered 
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residue from pyrolysis of the n-butyl phosphate-boron trichloride complex at 120°, there was 


y no loss in rotatory power. 
a Boron Trichloride and Trineopentyl Phosphate-——From the phosphate (14:27 g.) [b. p. 
100°/0-5 mm., m. p. 93° (Found: P, 10-2. Calc. for C,;H,;,0,P: P, 10-0%)], the white solid 
1, 1:1 complex (19-69 g.) (Found: e.h.Cl, 24-2. C,;H3,BCl,0,P requires e.h.Cl, 25-0%), m. p. 
a 91°, was obtained, methylene dichloride (50 ml.) being the solvent. The complex was stored for 
le a month without any loss in e.h. chlorine. After it (18-18 g.) had been heated at 120° for 
10 min., a mixture (1-28 g.) of t-pentyl chloride (0-20 mol.) (correct infrared spectrum) and 
th olefin was removed at 20 mm. and trapped at —80°. After 1 hr. the yield of t-pentyl chloride 
yl was 0-62 mol., and of hydrogen chloride 0-03 mol. Further amounts of these chlorides were 
in obtained as follows: at 180° (1 hr.), C;H,,Cl (0-92 mol.), HCl (0-30 mol.); at 300° (1 hr.), 
C;H,,Cl (0-17 mol.), HCl (0-39 mol.); the final residue at 1000° was boron phosphate (4-34 
- g., corrected to undisturbed system. Calc. 4-52 g.). The products at 120° and 180° con- 
“ tained isopentane and 2-methylbut-2-ene, whereas at 300° isobutane was obtained instead 
te of isopentane (infrared spectra and gas chromatography). 
as Tri-(2-chloroethyl) Phosphate-Boron Trichloride System.—The phosphate (16-12 g.) gave 
the liquid complex (22-73 g.), which afforded tke following volatile products: at 120°, 1,2-di- 
ve chloroethane (RCI, 1-18 mol.); at 180° (1 hr.), RCI (0-89 mol.); at 300° (1 hr.), RCI (0-53 mol.) 
en and HC] (0-28 mol.). The final residue gave boron phosphate (5-77 g., corrected for undisturbed 
he system. Calc., 5-97 g.). After the complex had been stored at 20° for 4 days, treatment with 
0° water afforded tri-(2-chloroethyl) phosphate in 92% yield. 
le, Tri-(2,2,2-trichloroethyl) Phosphate-Boron Trichloride.—The phosphate (28-31 g.) gave the 
al white solid complex (34-92 g.),m. p. 105° (Found: e.h.Cl, 17-2. C,H,BCl,,0,P requires e.h.Cl, 
17-45%), which was stable at 120° (1 hr.). The complex (49-97 g.) was heated at 150—160° 
for 4hr. Distillation then afforded fractions: (1) (1-86 g.), b. p. 26—61°/0-14 mm.; (2) (10-11 
g.), b. p. 63—66°/0-12 mm.; (3) (7-51 g.), b. p. 84—106°/0-1—0-05 mm.; (4) (11-05 g.), b. p. 
‘i 112—115°/0-05 mm.; (5) (7-69 g.), b. p. 159—164°/0-5 mm.; (6) (4-68 g.), trap (— 80°) condensate; 
— and (7) (2-07 g.), a solid residue. Infrared spectra and chemical analysis indicated products 


of mutual replacement of alkoxyl and halogen, which would require protracted fractionations 
nd for effective purification. The fractions were mainly: (2) trichloroethyl phosphorodichloridate 
(Found: P, 10-35. Calc. for C,H,Cl,0,P: P, 11-6%); (4) tri-(2,2,2-trichloroethyl) borate 
(Found: B, 1-8%); (5) the original phosphate. The trap condensate was phosphoryl chloride. 

Interaction of Pyridine and the n-Butyl Complex.—The n-butyl phosphate-boron trichloride 
complex ! (Found: e.h.Cl, 27-7. Calc. for C,,H,,BCl,0,P: Cl, 27-7%) (5-87 g., 1 mol.) was 


cal added to pyridine (1-25 g., 1 mol.) in n-pentane (50 c.c.) at 0°. After 24 hr., the pyridine—boron 
Kes trichloride complex (2-21 g., 73-4%) was filtered off (Found: e.h.Cl, 54-7. Calc. for C;H,BCI,N: 
ed e.h.Cl, 54-2%), and the filtrate afforded tri-n-butyl phosphate (3-26 g., 80%), b. p. 118°/0-7 
mm. (Found: P, 11-7. Calc. for C,,H,,0,P: P, 11:6%). 
05 Influence of Boron Trichlovide added in Excess of 1 Mol.—When n-butyl phosphate (25-94 g., 
nd 1 mol.) had been added to boron. trichloride (22-91 g., 2 mol.) in methylene dichloride (50 c.c.) 
ind at —80° and the mixture stored at 0° for 7 days, boron trichloride (about 1 mol.) removed at 
ae 30 mm. was isolated as pyridine—boron trichloride complex (17-6 g., 0-92 mol.), m. p. 114—115°. 
ave The liquid residue (28-00 g.) (Found: e.h.Cl, 22-5%) corresponded empirically to the compound 
Cl, (RO),PO-O-BCl, (28-34 g.) (e-h.Cl, 24.4%), and was shown by its infrared spectrum to be 
ing essentially identical with a sample of n-butyl phosphate complex! which had lost about a 
ito- third of its e.h. chlorine at room temperature. With water, the residue gave a clear solution 
val and no oil. 


To the s-butyl phosphate—boron trichloride complex ! (13-2 g., 1 mol.) in methylene chloride 
(50 c.c.) at —80°, boron trichloride (3:83 g., 0-95 mol.) was added. At 0° a gel was quickly 
Cl formed, and a solid separated from a liquid during 15 days. Volatile matter was removed at 
20°/30 mm.; it contained boron trichloride (0-23 mol.) (isolated as the pyridine complex) and 
s-butyl chloride (2-6 g., 0-82 mol.). The residue was a pale yellow solid (9-61 g.) (Found: B, 
5-9; e.h.Cl, 19-2; P, 11-2%), of which 6-78 g., with water, gave an oily hydrocarbon (1-33 g.) 
shown by distillation (b. p. 57—66°/0-2 mm., 115—123°/0-1 mm.) and by infrared study to be 
a mixture of several compounds, probably polymers of s-butyl] units. 


aaa To the same s-butyl complex (16-22 g., 1 mol.) in benzene (20 c.c.), boron trichloride (4-82 g., 
— 0-97 mol.) was added at —20°. At 0° a gel was quickly formed, and after 7 days volatile matter 
init was removed at 20°/20 mm., finally at 20°/0-1 mm., and contained s-butylbenzene (0-9 g.) and 
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a trace of s-butyl chloride. Of the bright yellow powder (19-48 g.) (Found: B, 3-6; e.h.Cl, 
11-4; P, 6-7%), a portion (6-63 g.) was treated with water and the oil extracted with ether. 
The oil (3-38 g.) consisted mainly of s-butylbenzene, b. p. 170—172°, n,,*° 1-4898, and a mixture, 
probably of m- and p-di-s-butylbenzene (b. p. 115—118°/16 mm.), characterisation being based 
on infrared and gas-chromatographic examination. 
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801. The Radiolysis of Tri-n-alkyl Phosphates. 
By R. W. WILKINSON and T. FFRANCON WILLIAMS. 


Electron irradiation of trialkyl phosphates leads to the corresponding 
dialkyl hydrogen phosphate as a major product, the absolute yield decreas- 
ing in the series trimethyl to tripentyl ester. Yields of the respective mono- 
alkyl dihydrogen phosphates are less by ten-fold and formation of phosphoric 
acid is negligible. Hydrocarbon products include alkenes and alkanes, but 
the yields do not account quantitatively for the loss of organic fragments 
in acid formation. Yields of hydrogen generally increase with molecular 
weight of the ester. These results are interpreted in terms of reactions 
involving the parent molecule-ion. There is mass-spectral evidence that 
organic phosphate ions can undergo simple rearrangement accompanied by 
fragmentation of the alkyl chain; in the liquid state the latter reaction 
leading to formation of acid phosphate is assumed to compete with other 
ionic processes leading to hydrogen production. 


THE chemical effects of ionizing radiation on many classes of organic compounds have 
been explored in recent years! but no information was available at the outset of this 
investigation relating to the alkyl esters of phosphoric or other inorganic oxy-acids. In 
the crystalline state, the sulphate anion has considerable chemical stability to electron 
bombardment as shown ? by the absence of formation either of oxygen or of sulphide, sul- 
phite, and thiosulphate anions on prolonged irradiation of cesium sulphate. Also, in studies 
on the radiation of aqueous solutions, appreciable concentrations of sulphate and phosphate 
anions have often been used without apparently contributing to the induced reactions.* 
Thus, the inert nature of these anions to direct irradiation seems established. It is there- 
fore of interest to study esters of inorganic oxy-acids to determine whether the radiation- 
induced changes are confined to the organic groups. A preliminary note concerning the 
radiolysis of tributyl phosphate has been published; * this paper describes a more detailed 
study on the homologous series of tri-n-alkyl phosphates extending from trimethyl to 
tripentyl esters. Since tributyl phosphate is utilized in the processing of nuclear fuels 
by solvent extraction, the radiation decomposition incurred by this solvent has also been 
widely studied in multicomponent systems which approximate to those obtained under 
technical conditions.>7 Concerning the radiolysis of pure tributyl phosphate, the form- 
ation of monobutyl and dibutyl acid phosphates reported earlier * has been confirmed 
by other workers,** and Burr § has suggested a tentative free-radical mechanism for the 
decomposition. However, some recent information *! on the mass-spectral pattern of 


Collinson and Swallow, Chem. Rev., 1956, 56, 471. 
Williams, unpublished work; cf. Hertnig, Lees, and Matheson, /. Chem. Phys., 1953, 21, 664. 
Johnson, Scholes, and Weiss, J., 1953, 3091. 

Williams, Wilkinson, and Rigg, Nature, 1957, 179, 540. 

Williams and Wilkinson, A.E.R.E. Report C/R 2179, 1957. 

Burger and McClanahan, Ind, Eng. Chem., 1958, 50, 153. 

Wagner, Kinderman, and Towle, Ind. Eng. Chem., 1959, 51, 45. 

Burr, Radiation Res., 1958, 8, 214. 

McLafferty, Analyt. Chem., 1956, 28, 306. 

10 Quayle, ‘‘ Advances in Mass Spectrometry,”” Pergamon Press, London, 1959, p. 365. 
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organic phosphates indicates a correlation with the radiolysis results which suggests that 
the liquid-phase decomposition may also involve the fragmentation and rearrangement 
of the primary ion before neutralization; this interpretation is discussed below. 


EXPERIMENTAL 

Materials.—Trimethy], triethyl, and tributyl phosphate, supplied by L. Light and Co. Ltd., 
were purified by several distillations at low pressure over anhydrous sodium carbonate, a 
Widmer column being used. Tripropyl and tripentyl phosphate were prepared by the action 
of the corresponding alcohol on phosphorus oxychloride; 14 increased yields were obtained 
if the reaction was carried out in the presence of a solution of pyridine in benzene to remove 
the hydrogen chloride as formed. The products were then fractionated and the trialkyl ester 
distilled as before. The purified samples had the following b. p.s: (MeO),PO, 73°/10 mm.; 
(EtO),;PO, 90°/10 mm.; (PrO),;PO, 121°/10 mm.; (BuO),;PO, 148°/10 mm.; (C,;H,,O),PO, 
162°/5 mm. 

Dialkyl hydrogen phosphates were prepared by hydrolysis of the corresponding trialkyl 
phosphates with concentrated sodium hydroxide solution; under these conditions only a very 
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small amount of the monoalky] ester was formed and the dialkyl eSter could be isolated as the 
sodium salt. A mixture of monoalkyl and dialkyl acid phosphates was obtained by hydrolysis 
with sulphuric acid of the appropriate trialkyl ester. These acidic esters were used for the 
preparation of derivatives and the standardisation of analytical procedures as described below. 
Irradiation Procedure.—All irradiations were carried out with a horizontal beam of 1:25 Mv 
electrons emanating from a Van de Graaff accelerator. Two types of cell were generally used. 
In order to follow the kinetics of gas evolution during irradiation it was convenient to use a 
cell incorporating a bellows manometer which had been previously developed in this laboratory.'* 
A simpler type of cell (Fig. 1) was used for runs involving the analyses of gaseous contents and 
liquid phase after the completion of the irradiation dose. The liquid was usually introduced 
directly into the cell and thoroughly de-gassed by vacuum pumping yntil the pressure in the 
associated gas space was about 10 mm., as measured with the liquid frozen at —196°; the 
cell was then sealed from the vacuum line and mounted for irradiation as shown in Fig. 1. 
All cells were made from “‘ Pyrex” glass with windows of 0-5 mm. uniform thickness through 
which the electron beam penetrated into the liquid; the cell thickness was generally 8 mm. 
or more and therefore greater than the total range (ca. 4 mm.) of the electrons in these liquids. 
Cell Dosimetry.—The incident energy of the electrons was given directly by readings on the 
generating voltmeter of the Van de Graaff machine. These values were proved to be reliable 
1 Kosolapoff, ‘‘ Organo-phosphorus Compounds,”’ J. Wiley Co., New York, 1950, p. 226. 
12 Amphlett and Williams, J]. Sci. Jnstr., 1956, 38, 64. 
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by two methods. First, by calorimetric measurement of total beam energy, and secondly, 
by recording the magnet current settings required to deflect the electrons of any given voltage 
from their original vertical path in the accelerator to a horizontal beam and comparing the 
data against a calibration of corresponding values obtained with photoelectrons of known 
energy. 

Measurement of total charge input was given by a current integrator which recorded 12 
counts/min. for any pre-set current in the range 0-01—10ya. Total energy input was calculated 
as the product of electron energy and charge input, after corrections had been applied for the 
back-scattering effect and the energy loss sustained by the beam in passing through the machine 
and cell windows.'* For the cells used in this investigation the total window thickness was 
122 mg./cm.*? and the net energy loss for an incident beam of 1-25 Mv electrons amounts to 
0-24 Mv. These data being used, an absolute calibration !4 of the ferrous sulphate actinometer 
in cells of identical construction gave a G value (100 ev yield) for oxidation of ferrous ion of 
15-8, in excellent agreement with other absolute determinations of this quantity.»16 Further 
confirmation of the accuracy of this dosimetry at higher dose rates was provided by measure- 
ments of the yield of hydrogen gas from benzene,!’ which agreed with accepted values. 

Gas Analysis.—After irradiation, the cell was sealed to a conventional vacuum line, and 
the gaseous contents were separated into fractions by low-temperature distillation. The 
volumes of the two fractions volatile at — 196° and —100°, respectively, were determined ir 
each case by collection in a calibrated Toepler pump.!? Gases volatile above —100° were 
similarly collected and then examined by infrared analysis; these fractions isolated from the 
irradiation of tripropyl and tributyl phosphate showed absorption bands at 6u, 10-3 u, and 11-0 
u characteristic of olefin unsaturation. Detailed analyses of the —196° and —100° fractions 
were carried out by the microtechnique due to Blacet and Leighton !* and independently by 
mass spectrometry. Oxygen or oxides of carbon were absent from these gas mixtures. 

Characterisation and Analysis of Liquid-phase Products —The development of irradiation- 
induced acidity was general in the phosphate esters examined. The estimation of acidity 
was carried out by electrometric titration against a standard solution of 0-0994N-sodium 
hydroxide, a direct-reading Pye pH meter being used. The volume of ester per run was generally 
about 10 ml. and this was diluted (with water) to a total volume of 50 ml. before titration; for 
the higher members of the series, the esters were immiscible with water and these were dissolved 
in 50% ethyl alcohol-water. Some typical titration curves for trimethyl phosphate are shown 
in Fig. 2; the rate of change of pH per constant increment of added alkali is plotted in Fig. 3 
as a function of the total alkali added and shows two distinct peaks which correspond to two 
end-points for the titration. A similar qualitative behaviour was observed for the other 
irradiated esters. The titre to the first end-point in Fig. 3 is considerably greater than the 
subsequent difference between the two end-points; this observation suggests that the acidic 
behaviour is not due to the presence of a single dibasic acid but that two acids are formed. 

In order to characterize the acids formed from tributyl phosphate, they were extracted 
with sodium hydroxide solution which was then washed with carbon tetrachloride to remove 
any trace of tributyl phosphate; the aqueous solution was acidified whereupon oily drops 


TABLE 1. 
Dialkyl hydrogen phosphate Dimethyl Diethyl Dipropyl Dibutyl Dipentyl 
M. p. (authentic derivative) ...... 189° 186° 188° 138° 148° 


M. p. (isolated derivative) ......... 188 187 188 139 148 


formed which could be readily extracted with carbon tetrachloride. The infrared spectrum 
of the dried extract (CaSO,) was identical with that of dibutyl hydrogen phosphate. Isolation 
of the sodium salts of the acids as described above from each irradiated ester enabled the 
corresponding S-benzylisothiouronium derivatives to be prepared. After several recrystallis- 
ations from dilute alcohol the m. p. of the isolated derivative accorded with that obtained 


13 Wilkinson and Williams, J. Chim. phys., 1955, 52, 600. 

™ Wild and Williams, unpublished work. 

15 Donaldson and Miller, J. Chim. phys., 1955, 52, 578. 

16 Schuler and Allen, J. Chem. Phys., 1956, 24, 56. 

7 Bates, Burns, Morris, Wilkinson, and Williams, A.E.R.E. Report C/R 2121, 1957. 
18 Blacet and Leighton, Ind. Eng. Chem. Anal., 1931, 3, 266. 
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by a similar preparation from the corresponding dialkyl hydrogen phosphate, as shown in 
Table 1. 

As the dialkyl hydrogen phosphate was easily identifiable among the irradiation products, 
it seemed reasonable to suppose that it was the acid present in highest yield. The acid phosphate 
products were further characterised by paper chromatography, pyridine—butanol—water being 
used as solvent.!® After being dried, the paper was sprayed with ferric chloride solution in 
butanol, followed by a solution of sulphosalicylic acid. Two spots were observed having 
the same Ry values as known samples of the corresponding monoalkyl and dialkyl phosphate. 
From the relative magnitude of the spots it was evident that the latter was formed in much 
higher yield by radiolysis. 


Fic. 3. Differential titration curve for irradiated 


trimethyl phosphate. 
Fic. 2. Titration curves for irradiated trimethyl 
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Since the esters are identified as a mixture of monalky] and dialkyl phosphate, their behaviour 
on titration can now be evaluated. The first neutralization point,-corresponding to the form- 
ation of the acid salt of the monoalkyl dihydrogen phosphate, is obscured in the mixture by 
the much greater concentration of dialkyl hydrogen phosphate; the first end-point therefore 


TABLE 2. 
pH, pH, pH, pH, 
Acid phosphate pKa, PKas N, N;2 (calc.) (obs.) 

Dimethyl ......... 1-29 0-01 6-6 6-0 
DEE. sw ancasesens 1-39 0-01 6-7 5-9 
a oe 1-59 0-01 6-8 6-6 
ct oe 1-72 0-01 6-9 6-8 
Monomethyl ...... 6-31 0-001 8-7 8-8 
Monoethyl ......... 6-62 0-001 8-8 9-4 
Monopropyl ...... 6-67 0-001 8-8 9-5 
Monobuty! ......... 6-84 0-001 8-9 10-0 


corresponds to the combined titre required to form the acid salt of the monoalkyl dihydrogen 
phosphate and to neutralize the dialkyl hydrogen phosphate. The difference between the 
two end-points represents the additional titre to complete the neutralization of the mono- 
alkyl dihydrogen phosphate and thus provides a determination of the amount of the last 
present in the mixture: the amount of dialkyl hydrogen phosphate can then be obtained by 


18 Wade and Morgan, Nature, 1953, 171, 529. 
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subtraction. It is of interest to compare the pH, and pH, values observed experimentally at 
the two end-points with the values which would be obtained if the titration of the two acids 
were carried out separately at similar concentrations; the latter are evaluated from the 
appropriate dissociation constants 2° by means of the following relation *4 












































pH, = 4pKy + pKa, + 4 10gio Ni, pH, = $pKy + 4pKaz + $10gio Nz, 


where Kg, and Ky, refer to the dissociation constant of the dialkyl hydrogen phosphate and 
the second dissociation constant of the monoalkyl dihydrogen phosphate, respectively, Ky, is 
the ionic product of water, and N, and N, are the normalities of the two acids present. The 
experimental and calculated values are recorded in Table 2. The results obtained for the 
irradiation of tripropyl and tributyl phosphate may be affected by the presence of ethyl alcohol 
in the titration vessel. 

An alternative estimation of alkyl acid phosphates involved the preliminary isolation of 
the acids from the irradiated trialkyl phosphate, as indicated above for the case of tributyl 
phosphate. Thereafter the acid esters were quantitatively hydrolysed by refluxing them with 
hydriodic acid (d 1-94; 66% by weight; 30 ml.) for 30 min., and the resulting inorganic phos- 
phate was estimated spectrophotometrically.5 The latter method was calibrated with twice- 
recrystallized potassium dihydrogen phosphate and gave excellent results for determinations 
based on the conversion of known amounts of tributyl phosphate and dibutyl hydrogen phos- 
phate by the above procedure. 

No inorganic phosphate was detected among the radiolysis products of trialkyl phosphates, 
even after prolonged irradiation. It is estimated that the yield must be less than 1-0% of the 
total acid alkyl phosphates formed. 

The organic phosphate fraction left after the extraction of the acids from a sample of 
irradiated tributyl phosphate was shaken with dilute sulphuric acid for several days but this 
treatment failed to yield any more acidic phosphate esters as would be the case if pyro- 
phosphates had been formed by irradiation. 


RESULTS AND DISCUSSION 


The concentrations of dialkyl and monoalkyl phosphate produced from the corre- 
sponding trialkyl ester as a function of irradiation dose are shown in Figs. 4 and 5, re- 
spectively. A linear relationship is generally valid, although at low doses the yields of 
monoalkyl dihydrogen phosphate are more uncertain owing to the low concentration in 
the irradiated solvent. The absolute yields of these products, defined as a G value in 
units of molecules per 100 ev, are therefore constant over the dose range examined; the 
values are recorded in Table 3. The determination of total acid phosphate by hydrolysis 
is in good agreement with the titration results for irradiated tributyl phosphate. Absolute 


TABLE 3. G-Values for radiolysis products. 


Products 
Total acid Dialkyl Monoalkyl 


Ester phosphates phosphate phosphate H, CH, CH, CH, C*+4Cc, € 
Trimethyl ... 2-83 0-20 0-47 0-85 0-11 0-12 _— C 
Triethyl ...... 2-01 0-14 0-77 0-12 0-37 0-33 — \ 
Tripropyl ... 2-00 0-15 0-75 0-05 0-24 0-34 0-35 
Tributyl ...... 1:76 +. 0-08 1-52 0-12 1-11 0-05 O12 O12 0-45 c 
Tripentyl 1-47 : 

* Mainly unsaturated. I 

\ 

yields of gas are also listed and these were similarly calculated from linear plots of macro- t 
scopic yield against dose. Extraction by the technique described of the gas fraction a 
corresponding to C,; and Cy products was probably incomplete and the yields of these e 
components in Table 3 represent lower limits. v 
fi 


20 Kumler and Eiler, J. Amer. Chem. Soc., 1943, 65, 2355. 
21 Kolthoff and Laitinen, ‘‘ pH and Electro-titrations,” J. Wiley Co., New York, 1944, p. 13. 
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A comparison of our results obtained for tributyl phosphate with data obtained by 
other workers ®* is shown in Table 4. 


TABLE 4. G-Values for radiolysis of tributyl phosphate. 


Radiation Dialkyl Monoalkyl 
source phosphate phosphate H, CH, Cc C,+C, 
This work 1-25 Mev electrons 1-52 0-12 1-11 0-05 0-24 0-45 
Burger and McClanahan * Co gamma 1-7—1-8 0-3 
Wagner, Kinderman, and 1 Mev electrons 2-25 0-39 1:59 0:07 0-13 0-75 
Towle ? 1-37 0-03 
Burr ® 1-66 Mev electrons 2-44 0-14 1-73 0-07 0-18 0-65 


Since the ratios of our yields for dibutyl hydrogen phosphate and hydrogen to the 
corresponding values obtained by Burr ® are 0-62 and 0-64, respectively, it seems likely 
that the discrepancy in absolute yield is due to the different dosimetric procedures em- 
ployed. Burr * used the ceric sulphate dosimeter to establish that only 0-74 of the incident 


Fic. 4. Dialkyl hydrogen phosphate yield. 
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phosphate. 


energy recorded by the charge input method was absorbed in the cell contents. On the 
other hand, we found that the Fricke (ferrous sulphate) dosimeter gave excellent agreement 
with the charge input method at low electron currents (about 0-01 wa) after suitable 
corrections were made for energy loss in the window materials and for back-scattering. 
Some of the G-values recorded by Wagner, Kinderman, and Towle,’ which are again 
based on ceric dosimetry, are also higher than our data but their results show considerable 
variation depending upon the total dose received by the sample; we did not observe this 
type of behaviour. The results for dibutyl hydrogen phosphate obtained by Burger 
and McClanahan ® are in closer agreement with our values. Since the measurement of 
energy absorption by means of the Fricke dosimeter in a gamma source, as used by these 
workers,® is generally much more reliable than the estimation of energy inputs from a 
fast electron beam, we conclude that their results have greater quantitative significance. 

In addition to the gaseous products and acid phosphates, material of higher molecular 
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weight is also produced in the radiolysis. This “‘ polymeric ’’ product was not investigated 
in our work, except insofar as it was shown not to contain pyrophosphates. 

For chemical reactions initiated by ionizing radiation, it is logical to begin any dis- 
cussion of mechanism by considering the fate of the parent ion. Much of the present 
literature arbitrarily assumes that the parent ion is neutralized in the liquid phase in a 
time (ca. 10°! sec.) which does not allow that ion to react or re-arrange, leading to the 
formation of an excited molecule as a precursor of free radicals. However the radiation 
chemistry of liquid hydrocarbons has recently been discussed ** in terms of ion-molecule 


(RO),P(OH):OH RO-P(OH),* P(OH), 
(1) (I) (IIT) 


and ion-dissociation processes; if these reactions are exothermic, they should precede 
neutralization, and it has been shown that this thermochemical criterion accounts qualit- 
atively for many features regarding the variation of reactivity with molecular structure. 
For organic phosphates, similar thermochemical caiculations cannot be carried out at 
present owing to lack of data but it is still possible to use mass-spectral information to 
determine the facility of fragmentation or rearrangement of the parent ion in the gas 
phase. An uncritical extrapolation of this evidence to the prediction of elementary 
processes in the radiation chemistry of liquids is generally unjustified because of the 
larger time interval (10° sec.) available in the highly attenuated gas phase for the uni- 
molecular decomposition of the parent ion. Nevertheless useful correlations have been 
made.?324 

The mass spectra of triethyl® and tributyl phosphate ” show certain general simi- 
larities which are taken to represent the general decomposition pattern for trialkyl phos- 
phates; since these spectra were obtained independently, it is unlikely that the consistent 
rearrangement peaks which were observed arose from artefacts due to thermal or catalytic 
decomposition of the esters. The most important results can be summarized as follows: (a) 
the intensity of the parent ion is extremely low; (b) the largest peaks are due to the following 
rearranged ions (I), (II), and (III), where R represents the appropriate attached alkyl 
group; (c) where the alkyl groups are butyl, fragmentation by step-wise loss of carbon 
atoms is of minor importance compared with (b); (d) loss of a hydrogen atom, or of a 
hydrogen molecule, from the parent ion does not occur to any significant extent; and 
(e) the abundance of hydrocarbon ions is small. This information suggests that the ions 
referred to in (b) have considerable stability which could be due > to resonance of the 
positive charge between the attached hydroxyl groups; these ions are essentially oxonium 
ions as would be produced by proton addition to the singly-attached oxygen atom in the 
phosphate structure. Rearrangement ions involving the partial localisation of the 
positive charge on an oxygen atom are familiar in the mass spectra of aldehydes, ethers, 
carboxylic acids, and esters.2® Also in thermal chemistry, the marked electronegativity 
of the oxygen atom in many compounds favours the attachment of a strong electrophilic 
species, such as a proton, to form oxonium ions. 

The simplest interpretation of the mass spectral results quoted above is that the 
ion (I) is formed by an initial decomposition accompanied by re-arrangement, and that 
the other abundant ions (II) and (III) result from further step-wise fragmentation of 
ions (I) still possessing excess of energy; this process is aided by the increased resonance 
stability in the order (III) > (II) > (I). Thus for triethyl phosphate the abundances 
are found to be (I) > (III) > (II), whereas for tributyl phosphate the order is 
(III) > (II) > (I). By comparison with the gas phase, it is reasonable to infer that only 


22 Williams, Trans. Faraday Soc., 1961, 57, 755. 

23 McDonnell and Newton, J]. Amer. Chem. Soc., 1954, 76, 4651. 

*4 Burr, J. Phys. Chem., 1957, 61, 1483. 

23 McLafferty, ‘‘ Advances in Mass Spectrometry,’’ Pergamon Press, London, 1959, p. 383. 
26 McLafferty, Analyt. Chem., 1959, $1, 82. 











we YM F 





XUM 


(1961} The Radiolysis of Tri-n-alkyl Phosphates. 4105 


primary decomposition processes are important for the parent ion in the liquid, since 
neutralization occurs more rapidly, and also the increased collision rate favours both 
ion-molecule reactions and collisional deactivation of excited species. Hence we shall 
consider the formation of ion (I) to represent a primary rearrangement process also 


[(RO)_P(S0)°O"CaHong 1]* ——B (I) + Capi eee ee 


applicable to the liquid phase before neutralization. This re-arrangement of the parent 
ion occurs together with the loss of a hydrocarbon fragment as a radical, and it is consistent 
that hydrocarbon ions are not abundant in the mass spectrum; the process is represented 
in eqn. (1). Where » is 3 and 4, the corresponding radical species C;H,* and C,H,* can 
be stabilized by allylic resonance, e.g., C;H,* could be -CH,-CH=CH,, so that in these 
instances both products of reaction (1) display mesomerism; hence the endothermicity, 
if any, of the reaction will be reduced, thus assisting more rapid rearrangement. The 
actual mechanism of reaction (1) is likely to involve concerted movements of atoms and 
electrons helped by the formation of a cyclic transition state, as has been indicated for 
several other rearrangement reactions of positive ions in the gas phase.*® In the repre- 
sentation given in eqn. (2), the odd electron is initially assumed to reside on the doubly 
bonded oxygen atom which thus carries a positive charge; the transfer of a hydrogen 
atom from the hydrocarbon chain to this oxygen atom leaves the free valency in the 
-position with respect to the double bond formed concurrently by an olefin elimination. 


o* 
RO),P% "-cH—R 

OY H <tH — > —_(RO),P(OH):OH* + = CH)=CH-CHR seers (2) 

ou (I) 
The formation of the ions (II) and (III) in the gas phase would follow by further olefin 
eliminations involving the remaining alkyl groups. The particular transition state illus- 
trated in (2) cannot, of course, apply to trimethyl or triethyl phosphate but other cyclic 
transition states are probably valid for the same overall process (1) in these esters; the 
corresponding radicals CH and C,H, would be expected to have greater reactivity than 
the allylic radicals. 

According to Samuel and Magee’s theory *” for liquid water, the ejected electron in 
the ionization remains associated with the coulombic field of.the cognate positive ion; 
this same model should have greater validity for an organic compound with a large number 
of vibrational degrees of freedom since this would result in a greater rate of energy loss 
for the electron. (We exclude consideration of effects due to electron capture by added 
solutes.) A thermalized electron represents a nucleophilic entity of high energy because 
of its highly concentrated negative charge; hence the interaction of the electron with 
the positive ion (I) could well involve the removal of a proton with the formation of a 
dialkyl hydrogen phosphate molecule and a hydrogen atom according to eqn. (3). Similar 


(RO),P(OH):OH ++ e~- ——t (RO),P(OYOH +H . . . 2. ee Q) 


reactions to eqn. (3) involving the elimination of a proton from carbonium ions have 
suggested by one of us * to account for the neutralization step in the radiolysis of branched 
alkanes. The processes of rearrangement (1) and neutralization (3) can be combined in 
the overall eqn. (4). Because of the short time (107! to 10 sec.) attending neutralization, 
the diffusion distance of the radical -C,,H,,_1 in the interval between rearrangement and 
neutralization would be insignificant so that both °C,H,, 1 and H are formed in close 
proximity on this model, thus favouring combination. Hence the products of equation 


27 Samuel and Magee, J. Chem. Phys., 1953, 21, 1080. 
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(4) may be amended to dialkyl hydrogen phosphate and C,,H,,.._ A so-called ‘‘ molecular ’’ 
process for the formation of dialkyl hydrogen phosphate and olefin from tributyl phosphate 
was originally suggested * to account for our results. 





(RO) P(:0)"O"Cy Hany 1 ~~ (RO)2P(3O)"OH + *CaHon-a +H - - - ~~ (4) 


An alternative mode of neutralization to that described above may apply in cases 
where the parent ion undergoes reaction or rearrangement to produce a more stable 
positive ion and an allylic radical; in this instance the electron could be captured by the 
radical to form an allylic carbanion. The resultant ion-pair could then have an 
appreciable lifetime before termination by proton transfer from the positive to the negative 
ion; such a scheme when applied to tripropyl and tributyl phosphate leads to the same 
products as the foregoing treatment. Intermediate ion-pair formation has also been 
advanced to account for the radiation-induced polymerization of $-pinene and a-methyl- 
styrene. 

The observed small yield of monoalkyl dihydrogen phosphate must also devolve from 
a primary decomposition of the trialkyl phosphate and not from the secondary decomposi- 
tion of the dialkyl hydrogen phosphate since the absolute yield of monoalkyl dihydrogen 
phosphate does not increase as the concentration of dialkyl hydrogen phosphate increases 
(Fig. 5). It is feasible, from the mass-spectral results, that a small fraction of rearranged 
ions (I) may retain sufficient energy in the liquid to undergo a further elimination of a 
C,H,, fragment with the formation of ion (II); its subsequent neutralization would be 
analogous to that for ion (I) in eqn. (3). The virtual absence of phosphoric acid in the 
radiolysis products is evidence that the additional rearrangement of ion (II) into (III) 
is not a significant process in the liquid. These results confirm our earlier proposition 
that only the elementary decomposition processes of ions are of major importance in 
condensed systems. 

This mechanism accounts satisfactorily for the formation of the acid alkyl phosphates, 
but it is clear from Table 3 that the yields of gaseous carbon products account for much 


RH++ RH——w RH,+RE 2 ww wwe eee SD 
ee de re . © 
a . @% 


less than the corresponding loss of alkyl groups. For tributyl and tripropyl phosphate 
the measured yields of C, and C, olefin, respectively, may be low and could account for 
part of this inequality. Other reactions can be postulated to account for the non-olefinic 
hydrocarbons. Thus the high yield of methane from trimethyl phosphate could be due 
to two successive hydrogen abstractions instituted by a methylene radical, leaving behind 
two organic phosphate radicals which would then probably dimerize. The path of hydrogen 
formation remains to be clarified. Table 3 shows that the G(H,) yield tends to increase 
with the length of the alkyl chain. In unbranched alkanes dimerisation or cross-linking 
is important and is, of course, accompanied by hydrogen production. This process may 
be aided ** by a primary ion-molecule reaction which involves hydrogen-atom or hydride- 
ion transfer from a neutral molecule to the parent ion, followed by the loss of a hydrogen 
molecule from the latter; subsequent combination of the ion and radical gives a dimeric 
ion (reactions 5—7). There is agreement 2*2%3° that olefin formation from linear alkanes 
is likely to involve the loss of molecular hydrogen directly from the parent ion. We 
surmise that hydrogen formation in the trialkyl phosphates most probably involves 
reactions analogous to those of hydrocarbons. If this is correct, then the rearrangement 


28 Bates and Williams, Nature, 1960, 187, 665; Bates, Best, and Williams, ibid., 1960, 188, 469. 
2 Dewhurst, J. Phys. Chem., 1958, 62, 15. 
30 Wagner, J. Phys. Chem., 1960, 64, 231. 
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(1) must also be competitive with the other reactions of parent ions resulting in hydrogen 
molecules. As a result, one would expect no correspondence between hydrogen and 
acid phosphate formation, and that the former should increase and the latter decrease 
as the alkyl groups increase in size. This conclusion is generally borne out by Table 3. 
The results plotted in Fig. 6 show the variation of G-value for yield of acid phosphate 
with the electron fraction of tributyl phosphate in a kerosene—hydrocarbon diluent. It 
is evident that at low concentrations of tributyl phosphate, the yield of acid phosphate 
is enhanced above the value predictable on the basis of the fraction of energy absorbed 
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in the phosphate ester. Similar non-linear relationships for hydrogen production in 
mixtures of olefins or aromatic compounds with cyclohexane have been recorded.*4 A 
possible explanation is that of positive-ion transfer from the hydrocarbon diluent to the 
tributyl phosphate, thus sensitizing the increased decomposition of the latter by the ion 
reactions discussed. 

In conclusion, we comment on the possibility of a free-radical mechanism as indicated 
by Burr.’ It is based on an analogy with the mass-spectral behaviour of butanol where 
the loss of a hydrogen atom from the parent ion is of primary significance; this does not, 
however, appear to be the case for the spectra of triethyl and tributyl phosphate. Further, 
the radical mechanism predicts a parallelism between the yields of hydrogen and dialkyl 
hydrogen phosphate, which is obviated by our results. - 


One of the authors (T. Ff. W.) thanks Dr. W. Wild for a useful suggestion which aided 
the interpretation of this work. 


ATOMIC ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, BERKSHIRE. [Received, November 16th, 1960.} 
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31 Manion and Burton, J. Phys. Chem., 1952, 56, 560. 
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802. Modified Steroid Hormones. Part XXIII.* Some 
Pentacyclic Types. 


By G. CooLtey, J. W. Ducker, B. ELtis, V. PETRow, and W. P. Scorrt. 


Some pentacyclic structures have been prepared from the 2-hydroxy- 
methylene derivatives of steroidal 3-ketones by condensation with methyl 
vinyl ketone. The products were without significant biological activity. 


THE discovery that 17$-hydroxy-17«-methylandrostano[3,2-c|pyrazole! possessed 
anabolic/androgenic activity focused attention upon pentacyclic systems of steroidal type. 
In consequence we have prepared, for biological study, some 4’-oxo-28(H)-2,3-cyclohex-2’- 
eno-derivatives of testosterone, progesterone, and cortisone, employing the method of 
Urushibara and Inomata.? Since completion of our work some related experiments have 
been reported by Atwater,’ who claims that his compounds have anti-inflammatory and 
progestational potency. In contrast the products described herein have been found 
by Dr. A. David and his colleagues (Biological Dept.) to be biologically virtually in- 
active (see Experimental section). 

Reaction of 17$-hydroxy-2-hydroxymethyleneandrost-4-en-3-one * with methyl vinyl 
ketone in ethanol in the presence of triethylamine as catalyst furnished 17$-hydroxy- 
2£-3’-oxobutylandrost-4-en-3-one (I; R'!= OH, R? = R*= R®°=H, R*=H,) which 
was cyclised by aqueous potassium hydroxide in dioxan to the required 178-hydroxy- 


H 





26(H)-2,3-cyclohex-2’-enoandrost-4-en-4’-one (II; R! = OH, R? = R4= R5 =H, R= 
H,) in ca. 40% yield. From a study of models the $-configuration is tentatively assigned 
to the 2-hydrogen atom in this and analogous compounds. 

The above reaction sequence was extended to the 2-hydroxymethylene derivatives of 
17«-methyltestosterone (cf. I; R! = OH, R? = Me, R® = H,, R* = R5 =H), 4-methyl- 
testosterone (cf. I; R! = OH, R? = R5 =H, R*? = H,, R* = Me), progesterone (cf. I; 
R! = Ac, R? = R* = R® = H, R® = H,), 178-hydroxy-6«-methyl-17«-prop-1l-ynylandrost- 
4-en-3-one (cf. I; R! = OH, R? = C=CMe, R* = H,, R* = R®° = H), and the bismethylene- 
dioxy-derivatives of cortisone and 178-hydroxy- Te-methy ]-5a-androstan-3-one (cf. III). 
In general, the crude hydroxymethylene derivatives could be successfully employed for 


* Part XXII, J., 1961, 2821. 
1 Clinton, Manson, Stonner, Beyler, Potts, and Arnold, J]. Amer. Chem. Soc., 1959, 81, 1513; Arnold, 
Beyler, and Potts, Proc. Soc. Exp. Biol. Med., 1959, 102, 184. 
* Urushibara and Inomata, Bull. Chem. Soc. Japan, 1959, 32, 101. 
* Atwater, U.S.P. 2,939,866. 
* Ringold, Batres, Halpern, and Necochea, J. Amer. Chem. Soc., 1959, 81, 427. 












i 


Q 


of 
]- 
[; 


e- 


or 








(1961) Modified Steroid Hormones. Part XXIII. 4109 
condensation with methyl vinyl ketone. The resulting oxobutyl intermediates (I and 
III), however, required purification by chromatography before ring closure. Alternatively, 
the crude oxobutyl intermediates could be converted directly into the corresponding 
cyclohexeno-derivatives by prolonged adsorption on alumina. Hydrolysis of the bis- 
methylenedioxy-derivative of compound (II; R! = CO-CH,-OH, R? = OH, R*= 0, 
R* = R® = H) with 90% aqueous formic acid furnished the pentacyclic structure corre- 
sponding to cortisone. 

The conversion of the unsaturated tetracyclic ketones into the cyclohexeno-derivatives 
is attended by a shift in molecular rotation, of +708° to +966° (in chloroform), as 
shown in the Table. In contrast, the corresponding shift in the case of the fully saturated 
178-hydroxy-17«-methyl-5«-androstan-3-one (cf. III) is —20°. 


Molecular rotation differences. 


[Mp 
[Mp 4’-Oxocyclohex-2’-eno- 

Parent steroid Unsubstituted derivative AMpy 
I i a ia ig bere ae +314°¢ + 1022° + 708° 
See . cicccovcnsnccanncnsabacsseiaewsncn +2292 +1195 +966 
eI, occ tsacsainccecaqecaciteseeiines +405 ° +1237 +832 
ID binisidsvicansccataualenaeanasaieibaecidsexaades +- 6354 +1598 +963 
EE ee Nee oe ee Sa Cee NE at ts -+-754¢ + 1655 +901 
RN MERE, —siacaleulscddcwsnansacweneseseckeasae<s +330°¢ +1273 +943 
17a-Methylandrostanolone .............ssseeseceseeee +354 +15 — 20 


* Fieser and Fieser, ‘ Steroids,’’ Reinhold Publ. Corp., New York, 1959. ° Sondheimer and 
Mazur, J. Amer. Chem. Soc., 1957, 79, 2906. ¢° Beyler, Moriarty, Hoffman, and Sarett, ibid., 1958, 80, 
1517. 4 Ruzicka, Meister, and Prelog, Helv. Chim. Acta, 1947, 30, 867. 


EXPERIMENTAL 


Optical rotations were measured for chloroform solutions in a 1 dm. tube. Ultraviolet 
absorption spectra (in ethanol) were kindly determined by Mr. M. T. Davies, B.Sc., and 
Miss D. F. Dobson, B.Sc. 

178-Hydroxy-22-3’-oxobutylandrost-4-en-3-one (I; R’ = OH, R? = R4=R5=H, RF = 
H,).—178-Hydroxy-2-hydroxymethyleneandrost-4-en-3-one 4 (15-8 g.) in ethanol (75 ml.) and 
ethyl acetate (75 ml.) was treated with triethylamine (14 g.) and redistilled methyl vinyl ketone 
(17 ml.). The mixture was left at 0° for 21 hr., then diluted with water, and the oily product 
isolated with ether. Chromatography on alumina, with benzene containing an increasing 
proportion of ether as eluant, gave a solid, m. p. 159—164°. Crystallisation from acetone— 
hexane gave 178-hydroxy-2£-3’-oxobutylandrost-4-en-3-one as needles, m. p. 167—168°, [a], 
+ 83° (c 0-87), Amax, 240 my (log e 4-19) (Atwater? gives m. p. about 176-5—177°) (Found: C, 
76-7; H, 9-4. C,3H3,0, requires C, 77-1; H, 9-6%). 

178-Hydroxy-28(H)-2,3-cyclohex-2’-enoandrost-4-en-4’-one (II; R! = OH, R? = R4 = R5 = 
H, R* = H,).—The foregoing compound (4-0 g.) in dioxan (150 ml.) was treated with aqueous 
0-5N-potassium hydroxide (100 ml.) and left at room temperature for 4hr. The solid precipitated 
by addition of water was filtered off and extracted with acetone. Evaporation of the acetone 
extract gave a yellow gum which on crystallisation from acetone-light petroleum gave 176- 
hydroxy-28(H)-2,3-cyclohex-2’-enoandrost-4-en-4’-one, m. p. 210—211°, [a],"4 +300° (c 0-35), 
Amax, 292—294 my (log ¢ 4-50) (Found: C, 81:3; H, 9-1. C,3;H,,0, requires C, 81-1; H, 9:5%) 
(Atwater % gives m. p. about 212—214°). The compound has no anabolic/androgenic activity. 

178-Hydroxy-17a-methyl-22-3’-oxobutylandrost-4-en-3-one (I; R= OH, R?= Me, R*= 
R® = H, R* = H,), prepared as indicated above, crystallised from ether—light petroleum as 
needles, m. p. 155—156°, [a],,2* +-57° (c 0-98), Amax, 241 my (log ¢ 4-18) (Found: C, 77-25; H, 9-5. 
C,,H;,0, requires C, 77-4; H, 9-7%). 

178-Hydroxy-17a-methyl-28(H)-2,3-cyclohex-2’-enoandrost-4-ene (II; R!= OH, R* = Me, 
R* = R® = H, R* = H,) formed plates (from acetone-hexane), m. p. 206—208°, [aJ,,21 +337° 
(c 0-92), Amax, 294 my (log ¢ 4-49) (Found: C, 81-4; H, 9-55. C,,H,,0, requires C, 81-3; H, 
9-7%). It was devoid of anabolic/androgenic activity. 

178-Hydroxy-4-methyl-28(H)-2,3-cyclohex-2’-enoandrost-4-en-4’-one (II; R!= OH, R?= 
R> = H, R* = Me, R* = H,), prepared without purification of the intermediates, crystallised 
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from aqueous methanol as needles, m. p. 120—121° or 155—157°, [a],,24 +349° (c 1-01), Amax. 
300 my (log « 4-43) (Found: C, 77-1; H, 9-7. C,,H;,0,,2H,O requires C, 77-4; H, 9-7%). 
The 178-propionate formed needles (from acetone—hexane), m. p. 186—187°, [a],,?* + 310° (c 0-52), 
Amax, 300 my (log ¢ 4-46) (Found: C, 78-9; H, 9-1. C,,H,,0, requires C, 79-0; H, 9-3%). In 
one experiment, the intermediate 178-hydroxy-4-methyl-2£-3’-oxobutylandrost-4-en-3-one was 
isolated as the 178-propionate, needles (from aqueous methanol), m. p. 106—107°, Amax, 248-5 my 
(log « 4-16) (Found: C, 75-8; H, 9-65. C,,H4O, requires C, 75-7; H, 9-4%). 

178-Hydroxy-17a-methyl-22-3'-oxobutyl-5a-androstan-3-one (III) formed needles (from ether— 
light petroleum), m. p. 129—130°, [a],,2* —0-61° (c 0-16) (Found: C, 77-2; H, 10-0. C,,H;,03 
requires C, 77-0; H, 10-2%). 

178-Hydroxy-17a-methyl-28(H)-2,3-cyclohex-2’-eno-5a-androstan-4’-one (IV) formed plates 
(from aqueous acetone), m. p. 184—186°, [a],*4 +4° (c 0-52), Amax, 241—242 muy (log ¢ 4-16) 
(Found: C, 81-0; H, 10-3. C,,H;,0, requires C, 80-85; H, 10-2%). It was devoid of 
anabolic/androgenic activity. 

178-Hydroxy-6a-methyl-2£-3’-oxobutyl-17a-prop-1’-ynylandrost-4-en-3-one (I; R! = OH, R? = 
CiCMe, R* = H, R® = H,, R® = Me) formed needles (from ether-light petroleum), m. p. 151— 
153°, [a),,2° —5° (c 0-50), Amax, 240 my (log ¢ 4:17) (Found: C, 79-4; H, 9-6. C,;H;,0, requires 
C, 79-0; H, 9°3%). 

178-Hydroxy-6a-methyl-17«-prop-1’-ynyl-28(H)-2,3-cyclohex-2’-enoandrost-4-en-4’-one (II; 
R! = OH, R? = CiCMe, R* = H,, Rt = H, R5 = Me) formed plates (from aqueous acetone), 
m. p. 229—230°. Paucity of material prevented complete characterisation. The infrared 
spectrum showed bands at 1200 and 900 cm.71. 

25-3’-Oxobutylpregn-4-ene-3,20-dione (I; R! = Ac, R? = R* = R§' =H, R* = H,) formed 
rods (from ether—light petroleum), m. p. 123—124°, [a],,?* + 183° (c 0-99), Amax, 240 my (log ¢ 4-11) 
(Found: C, 78-2; H, 9-3. C,;H,,0, requires C, 78-1; H, 9-4%). 

28-2,3-Cyclohex-2’-enopregn-4-ene-4’,20-dione (II; R!= Ac, R? = R4‘= R5 =H, R§= 
H,) formed prisms (from ether), m. p. 192—193°, [a],,?” +436° (c 0-67), Amax. 293—294 my (log « 
4-48) (Found: C, 81-8; H, 9-1. Calc. for C,;H,,0,: C, 81-9; H, 9-35%). Atwater % gives m. p. 
about 110-5—111-5°. 

The 17,20,20,21-bismethylenedioxy-derivative of 2€-3’-oxobutylcortisone formed needles (from 
acetone-hexane), m. p. 213—217°, [a],,7* +70° (c 1-03), Amax. 237 my (log ¢ 4-12) (Found: C, 
68-7; H, 7-7. C,,H;,0, requires C, 68-6; H, 7-7%). 

The 17,20,20,21-bismethylenedioxy-derivative of 26(H)-2,3-cyclohex-2’-enopregn-4-ene-4’, 11- 
dione formed prisms (from acetone—hexane), m. p. 281—286° (decomp.), {«],,?”7 + 280° (c 0-66), 
Amax. 291 my (log e 4-49) (Found: C, 71-3; H, 7-3. C,,H 3,0, requires C, 71-3; H, 7-5%). 

17«,21-Dihydroxy-28(H)-2,3-cyclohex-2’-enopregn-4-ene-4’,11,20-trione (II; R' = CO-CH,°OH, 
R? = OH, R* = R' = H, R* = O).—The foregoing bismethylenedioxy-compound (3-0 g.) in 
90% aqueous formic acid (30 ml.) was heated at 60° for 2 hr., and the mixture then poured into 
saturated sodium chloride solution (150 ml.). The precipitated solid was filtered off, washed 
with a little salt solution, then dissolved in methanol (250 ml.), and concentrated hydrochloric 
acid (5 ml.) was added. After 14 hr. at room temperature the solution was concentrated some- 
what in vacuo and then diluted with water. The filtered solid was washed until neutral, 
and crystallised from acetone and then from methanol to give the cyclohexeno-compound as the 
monohydrate, prisms, m. p. 193—198° (decomp.), [a],,2” + 401° (c 1-05), Amax, 292 my (log ¢ 4-46) 
(Found: C, 69-7; H, 8-0. C,;H;,0,,H,O requires C, 69-7; H, 8-0%). The 21-monoacetate 
crystallised from acetone—hexane as needles, m. p. 222—223° (decomp.), [a],,27 +407° (c 0-62), 
Amax, 292 my (log ¢ 4-46) (Found: C, 71-2; H, 7-5. C,,H 3,0, requires C, 71-3; H, 7-5%). The 
compound had no anti-inflammatory activity in the turpentine agar-pellet assay. 
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803. Modified Steroid Hormones. Part XXIV.* 162,17«-Iso- 
propylidenedioxy-6«-methylpregn-4-ene-3,20-dione. 


By B. Et.is, (Mrs.) S. P. Hatt, V. PETrow, and 
(Mrs.) S. WADDINGTON-FEATHER. 


Three methods for the preparation of the compound named in the title 
are described. 


ELSEWHERE! we have reported the sequence of reactions: 6«-methylpregna-4,16- 
diene-3,20-dione ? (I) —» 16«,17«-dihydroxy-6«-methylpregn-4-ene-3,20-dione (II) —» 
16,17«-isopropylidenedioxy-6a-methylpregn-4-ene-3,20-dione (III). Oxidation of the 
last compound with 2,3-dichloro-5,6-dicyanobenzoquinone * furnished its 1-dehydro- 
derivative. Both this compound and (III) were found to be potent anti-inflammatory 
agents in the turpentine—agar pellet assay.1_ In consequence thereof we sought a more 
convenient route to the diketone (III). 

Initially we examined the preparation of 16«,17«-dihydroxypregnan-20-ones from 
16x,17«-epoxypregnan-20-ones by reactions involving condensation with phenylhydrazine.* 
Though satisfactory for samples of a few grams, in our hands these processes broke down 
on a large scale. We ultimately found that reaction of 16a,17«-epoxy-38-hydroxypregn- 








COMe COMe COMe 
sees OH ° 
“OH 
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Me+C = N-NH-CO,€t 





5-ene-20-one (IV; R = R’ = H) with ethyl hydrazinecarboxylate ° in acetic acid afforded 
an excellent yield of 16a-acetoxy-38,17«-dihydroxypregn-5-en-20-one ethoxycarbonyl- 
hydrazone (V; R= R’ =H, R”’ = Ac). The structure of the last compound followed 
from (i) its hydrolysis with pyruvic acid to 16«-acetoxy-38,17«-dihydroxypregn-5-en-20-one 


* Part XXIII, preceding paper. 

i 1 Bianchi, David, Ellis, Petrow, Waddington-Feather, and Woodward, J. Pharm. Phar macol., 1961, 
i 18, 355. 
4 2 Burn, Ellis, Petrow, Stuart-Webb, and Williamson, J., 1957, 4092. 
3 Burn, Kirk, and Petrow, Proc. Chem. Soc., 1960, 14. 

4 U.S.P. 2,727,909, 2,803,399. 

5 Cf. Joly and Nominé, Bull. Soc. chim. France, 1956, 1381. 
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(VI; R= R’ =H, R” = Ac), which afforded the known 38,16«-diacetate ® (VI; R= 
R” = Ac, R’ = H), and (ii) its. alternative formation from the 16a-acetate (VI; R = R’ = 
H, R” = Ac) and ethyl hydrazinecarboxylate. 

Alkaline saponification of 16«-acetoxy-hydrazone (V; R= R’ =H, R” = Ac) to 
the corresponding triol (V; R= R’ = R” = H), followed by hydrolysis with aqueous 
pyruvic acid, gave 38,16«,17«-trihydroxypregn-5-en-20-one * (VI; R = R’ = R” = H), 
which was readily converted into the isopropylidene derivative (VII; R= R’'=H).® 36- 
Acetoxy-16«,17«-epoxypregn-5-en-20-one (IV; R = Ac, R’ = H) similarly yielded 38,16a- 
diacetoxy-17«-hydroxypregn-5-en-20-one ethoxycarbonylhydrazone (V; R= R” = Ac, 
R’ = H) and thence the triol intermediate (V; R = R’ = R” = H). Preparation of the 
isopropylidene derivative (VII; R= R’ =H) was further simplified in that it was 
obtained directly from the 16a-acetate (VI; R = R’ = H, R” = Ac) by treatment with 
acetone, methanol, and perchloric acid, thereby permitting the preparation of this com- 
pound from the readily available 16«,17«-epoxypregnenolone by a simple 3-stage process 
which has proved satisfactory on the kilogram scale. 

38-Hydroxy-16«,17«-isopropylidenepregn-5-en-20-one with peracetic acid furnished 
a mixture of the 5,6-epoxides in which the 5a,6«-isomer predominated. When the 38- 
acetate of the last compound was treated with an excess of methylmagnesium iodide 
reaction with the epoxide residue took place without concomitant attack upon the un- 
protected 20-oxo-group, yielding 38,5«-dihydroxy-16«,17«-isopropylidenedioxy-68-methy]- 
5a-pregnan-20-one (VIII; R= -OH,+**:*H). Oxidation of this diol with chromic acid 
in acetone furnished the 3-ketone (VIII; R =O), which passed smoothly into 16«,17«- 
isopropylidenedioxy-68-methylpregn-4-ene-3,20-dione on brief treatment with hot dilute 
ethanolic potassium hydroxide. More drastic experimental conditions led to the formation 
of the 6«-methyl isomer (III), which was also obtained by alkali-promoted epimerisation 
of its 68-methyl precursor. 

A second route to compound (III) involved conversion of the isopropylidene derivative 
(VII; R= R’ =H) into its 38-toluene-p-sulphonate, followed by rearrangement into 
the 68-hydroxy-3,5-cyclosteroid (IX; R =-—OH, ***H). Oxidation furnished the 6- 
ketone (IX; R =O) which with methylmagnesium iodide gave a mixture from which 
6£-hydroxy-16«,17«-isopropylidenedioxy-6£-methyl-3,5-cyclopregnan-20-one (IX; R= 
~Me, ~OH) was isolated by chromatography. Reaction of the last compound with 
acetic acid and sulphuric acid gave the corresponding 38-acetoxy-6-methylpregn-5-ene 
(VII; R= Ac, R’ = Me), which was converted into compound (III) by saponification 
followed by Oppenauer oxidation. 

A third route to compound (III) employed the readily available 6-methylpregna- 
dienolone * as starting material. Its 16«,17«-epoxide (IV; R =H, R’ = Me) reacted 
smoothly with ethyl hydrazinecarboxylate in acetic acid, to give 16«-acetoxy-38,17«-di- 
hydroxy-6-methylpregn-5-en-20-one ethoxycarbonylhydrazone (_V; R=H. R’ = Me, 
R” = Ac) which, by the transformations described above for its 6-demethyl analogue, 
led to compound (VII; R = H, R’ = Me). 

6a-Ethyl-16«,17«-isopropylidenedioxypregn-4-ene-3,20-dione, required for comparative 
anti-inflammatory study, was prepared from 38-acetoxy-5a,6«-epoxy-16«,17«-isopropyl- 
idenedioxy-5a-pregnan-20-one by the reaction sequence: epoxide cleavage with ethyl- 
magnesium iodide; oxidation of the resulting (not isolated) 68-ethyl-38,5«-diol to the 
3-ketone; and dehydration and concomitant epimerisation (with alcoholic hydrochloric 
acid) to the 6a-ethyl homologue of the compound (III). 


EXPERIMENTAL 
Optical rotations were measured in a 1 dm. tube for CHC], solutions unless otherwise stated. 
Ultraviolet absorption spectra were kindly determined (for EtOH solutions) by Mr. M. T. 
Davies, B.Sc. B.D.H. chromatographic alumina was used. 


® Cooley, Ellis, Hartley, and Petrow, J., 1955, 4373. 
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16a-A cetoxy-38,17«-dihydroxypregn-5-en-20-one Ethoxycarbonylhydvazone (V; R= R’ = 
H, R” = Ac).—Redistilled ethyl hydrazinecarboxylate (50 g.) in acetic acid (50 ml.) was added 
to 16«,17«-epoxy-38-hydroxypregn-5-en-20-one (50 g.) in acetic acid (350 ml.). The mixture 
was stirred for 8 hr., set aside overnight, then poured into ice-water (3 1.). The washed and 
dried product crystallised from benzene—methanol and then from aqueous methanol to give 
the named hydrazone, needles, m. p. 242—-249° (decomp., depending upon the rate of heating), 
a|,,2° —110° (c 0-75) (Found: C, 65-65; H, 8-45; N, 5-8. C,gHyN.O, requires C, 65-5; H, 8-5; 
N, 5:9%). 

16a-A cetoxy-38,17a-dihydroxypregn-5-en-20-one (VI; R= R’ =H, R” = Ac). The fore- 
going compound (50 g.) in acetic acid (250 ml.) was treated at 100° with 50% aqueous pyruvic 
acid (25 ml.). After 5 min. at this temperature, the mixture was transferred to a hot-plate, 
and water (150 ml.) gradually added. The precipitated solid was redissolved by further heating, 
and the solution allowed to cool to room temperature. The crystalline product was purified 
from aqueous ethanol, to give the 16a-acetate as needles, m. p. 220—221°, [a],,2* —67° (c 1-01) 
(Found: C, 70-1; H, 9-0. C,,;H,,0, requires C, 70-7; H, 8-8%). 

Acetylation in pyridine for 1 hr. at 100° gave 38,16«-diacetoxy-17«-hydroxypregn-5-en- 
20-one,® silky needles (from methanol), m. p. and mixed m. p. 214—215°. 

The 20-ethoxycarbonylhydrazone, prepared by treating the ketone (1 g.) in ethanol (15 ml.) 
with ethyl hydrazinecarboxylate (1 g.) and 2 drops of concentrated hydrochloric acid for 18 hr. 
at room temperature, separated from aqueous methanol in needles, m. p. 242—243° (decomp.), 
not depressed in admixture with a specimen prepared as described above. 

38, 16a,17«-Trihydroxypregn-5-en-20-one Ethoxycarbonylhydrazone (V; R= R’=R” = 
H).—Potassium hydroxide (1 g.) in methanol (15 ml.) was added to 16a-acetoxy-38,17«-di- 
hydroxypregn-5-en-20-one ethoxycarbonylhydrazone (7 g.) in hot methanol (25 ml.). The 
mixture was heated under reflux for 14 min., then treated with acetic acid (2-4 ml.), and water 
was added until crystallisation began. Purification of the product from aqueous methanol 
gave the ¢riol derivative, needles, m. p. 190—192°, [a],,?* —140° (c 0-85) (Found: C, 66-6; H, 
8-75; N, 6-2. C,,H3,N,O, requires C, 66-3; H, 8-8; N, 6-45%). A second form, m. p. 160— 
162°, was obtained by crystallisation from acetone—hexane. 

38,16«,17«-Trihydroxypregn-5-en-20-one* (VI; R = R’ = R” = H).—tThe foregoing 
ethoxycarbonylhydrazone (14 g.) in acetic acid (50 ml.) and 50% aqueous pyruvic acid (10 ml.) 
was heated at 100° for 5 min. Water (5 ml.) was added, causing the product to separate. The 
mixture was heated for a further 15 min., during which more water (55 ml.) was added in 
portions. The product was collected, washed with aqueous methanol, and crystallised from 
acetone, giving 38,16«,17«-trihydroxypregn-5-en-20-one, needles, m. p. 242—249° after 
softening at 225°, [a|,,2° — 86° (c 0-93 in pyridine) (Found: C, 72-2; H, 9-3. Calc. for C,,H;,0,: 
C, 72-4; H, 9:3%). Acetylation in pyridine gave 38,16a«-diacetoxy-17«-hydroxypregn-5-en- 
20-one, identified by m. p. and mixed m. p. with an authentic specimen. 

36-Hydroxy-16x,17«-isopropylidenedioxypregn-5-en-20-one (VII; R= R’ = H).—A sus- 
pension of the foregoing triol (2 g.) in acetone (60 ml.) was treated with 4 drops of 72% perchloric 
acid, and the mixture stirred for 2 hr. The solid isopropylidene derivative obtained by the 
addition of water crystallised from aqueous ethanol as needles, m. p. 217—218°, [a],,?2 —7-5° (c 
1-2). No depression in m. p. was obtained in admixture with an authentic specimen.® 

38, 16a-Diacetoxy-17a-hydroxypregn-5-en-20-one Ethoxycarbonylhydrazone (V; R= R” = 
Ac, R’ = H).—(a) 36-Acetoxy-16«,17«-epoxypregn-5-en-20-one (5 g.) and ethyl hydrazine- 
carboxylate (5 g.) in acetic acid (20 ml.) was set aside overnight. The product obtained by 
addition of water was washed, dried, and crystallised from acetone—hexane as needles, m. p. 
226—230° (decomp.), [a],,1® —114° (c 0-75) (Found: C, 64-75; H, 8-1; N, 5-0. C,gH,.N,O, 
requires C, 64-8; H, 8-2; N, 54%). (b) 38,16«-Diacetoxy-17«-hydroxypregn-5-en-20-one 
(0-7 g.) and ethyl hydrazinecarboxylate (0-7 g.) in acetic acid (10 ml.) was set aside for 18 hr. 
The product was purified from acetone-hexane; giving needles, m. p. 226—228°, not depressed 
in admixture with a specimen prepared by method (a). 

Saponification with methanolic potassium hydroxide gave 38,16«,17«-trihydroxypregn- 
5-en-20-one ethoxycarbonylhydrazone, identical with a specimen prepared as described above. 

Conversion of the 16a-Acetate (VI; R= R’ = H, R” = Ac) into the Isopropylidene Deriv- 
ative (VII; R= R’ = H).—A solution of 16a-acetoxy-38,17«-dihydroxypregn-5-en-20-one 
(9-6 g.) in acetone (800 ml.) and methanol (200 ml.), to which 60% aqueous perchloric acid 
(40 ml.) had been added, was heated under reflux for 1 hr. Addition of water gave crystals, 
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m. p. 194—198°. Purification from aqueous methanol gave 38-hydroxy-16a,17«-isopropylidene- 
dioxypregn-5-en-20-one, identified by m. p. and mixed m. p. determination. 

Oxidation of 38-Hydroxy-16a,17a-isopropylidenedioxypregn-5-en-20-one. (VII; R= R’ = 
H).—A stirred solution of the isopropylidene derivative (7 g.) in chloroform (164 ml.) to which 
anhydrous sodium acetate (0-88 g.) had been added was treated at 0° with 40% peracetic acid 
(8-75 ml.). After being stirred for 1 hr., the mixture was kept for 18 hr. at 0°, then washed with 
dilute aqueous alkali and water and dried, and the chloroform was removed. Fractionation 
of the residue from acetone gave the 5a,6«-epoxide, needles (from aqueous methanol), m. p. 
206-5°, [a],,?2 —17° (c 0-93) (Found: C, 68-15; H, 9-0. C,,H;,0;,H,O requires C, 68-2; H, 
9-1%), and the 58,68-epoxide, prisms (from aqueous acetone), m. p. 215°, [a],,?* +36° (c 0-81) 
(Found: C, 71-6; H, 8-9. C,,H,,0, requires C, 71-25; H,9-0%). The configurations assigned 
to these epoxides follow from the observation made, inter alia, by Bowers, Cuéllar Ibanez, 
and Ringold ” that 58,68-epoxides are more dextrorotatory than their 5«,6«-isomers. 

38-A cetoxy-5u,6a-epoxy-16«,17«-isopropylidenedioxy-5a-pregnan-20-one, prepared by acetyl- 
ation of the foregoing 36-hydroxy-5a,6«-epoxide, separated from methanol in plates, m. p. 
216—217°, {a],,24 —11-5° (c 0-85) (Found: C, 69-8; H,8-6. C,,H;,O0, requires C, 69-9; H, 8-6%). 

38,5a-Dihydroxy-16a,17«-isopropylidenedioxy-68-methyl-5a-pregnan-20-one (VIIL; R = —OH, 

- H).—The foregoing acetate-epoxide (25 g.) in benzene (1 1.) was added to a Grignard reagent 
prepared from magnesium (25 g.), methyl iodide (72 ml.) and ether (425 ml.)._ The mixture was 
distilled until the vapour-temperature reached 76°, then refluxing was continued for 3 hr. 
After decomposition of the complex with aqueous ammonium chloride, the organic layer was 
washed and dried, and the solvent removed. The residue crystallised from aqueous methanol 
to give the diol as needles, m. p. 208°, [a,,2° +26° (c 1-04), vmax. (in Nujol) 1700 cm. (20 C=O) 
(Found: C, 71-25; H, 9-8. C,;H,O,; requires C, 71-4; H, 9-6%). 

5a-Hydroxy-16«,17«-isopropylidenedioxy-68-methyl-5a-pregnane-3,20-dione (VIII; R = 
:O).—4n-Chromium trioxide solution * (19 ml.) was added dropwise during 10 min. to a stirred 
solution of the foregoing compound (30 g.) in acetone (180 ml.), the product separating after 
the first 4—5 min. After dilution with water, the crystals were collected, washed, dried, and 
purified from methylene dichloride-methanol. The diketone separated in blades, m. p. 259— 
261°, [a],7> +43° (c 0-74) (Found: C, 71-9; H, 9-2. C,;H;,0; requires C, 71-7; H, 9-15%). 

16a, 17a-Isopropylidenedioxy-68-methylpregn-4-ene-3,20-dione.—A refluxing suspension of the 
foregoing diketone (1 g.) in ethanol (15 ml.) was treated with 5% aqueous potassium hydroxide 
(2ml.). The mixture was heated for 14 min., then acidified, and water was added until crystals 
appeared. Purified from aqueous methanol, the isopropylidene-68-methyl derivative formed 
needles, m. p. 203—204°, [a],,?° +85° (c 0-87), Vmax. (in Nujol) 1675 and 1600 cm. (A‘-3-ketone) 
(Found: C, 75-2; H, 9-1. C,;H;,0, requires C, 75-0; H, 9-1%). 

16a,17«-Isopropylidenedioxy-6a-methylpregn-4-ene-3,20-dione (II1).—A refluxing suspension 
of the ketone (VIII; R = °O) (15 g.) in ethanol (150 ml.) was treated with potassium hydroxide 
(135 mg.) in ethanol (15 ml.). The mixture was refluxed for 2 hr., then acidified, and the 
product isolated with ether. Crystallisation from ether—light petroleum gave the 6a«-methyl 
derivative, needles, m. p. 166—167°, not depressed in admixture with a specimen prepared by 
the method described previously.! 

The same compound was obtained from the 68-methyl derivative (above) by similar treat- 
ment with ethanolic potassium hydroxide. 

16a,17«-Isopropylidenedioxy - 38 - toluene -p-sulphonylpregn-5-en-20-one.—This ester was 
prepared by treating the 38-hydroxy-compound (VII; R = R’ = H) (2 g.) in pyridine (15 ml.) 
with toluene-p-sulphonyl chloride (4 g.) for 3 days at room temperature; it crystallised from 
methylene dichloride-ethanol in needles, m. ‘p. 183° (decomp.), [aJ,?4 +1° (c 1-2) (Found: 
C, 68-75; H, 7-8. C,,H,.O,S requires C, 68-6; H, 7-8%). 

68-Hydroxy-16a,17«-isopropylidenedioxy-3,5-cyclopregnan-20-one (IX; R = —OH, +++ H).— 
The foregoing sulphonate (4-7 g.) was heated under reflux for 22 hr. with potassium acetate 
(5-2 g.) in 50% aqueous acetone (132 ml.). The product was isolated with ether and purified 
from ether-light petroleum, to give the alcohol, needles, m. p. 178—180°, {a],,°2 +76° (c 0-95) 
(Found: C, 74-05; H, 9:35. C,.,H,,0, requires C, 74:2; H, 9-3%). 

16a,17«-Isopropylidenedioxy-3,5-cyclopregnane-6,20-dione (IX; R = ‘O).—The foregoing 
compound (5-6 g.) in acetone (112 ml.) was treated with 4n-chromium trioxide,* dropwise, 
7 Bowers, Cuéllar, Ibafiez, and Ringold, Tetrahedron, 1959, 7, 141. 

8 See Djerassi, Engle, and Bowes, J. Org. Chem., 1956, 21, 1547. 
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until the supernatant liquid was slightly orange. The mixture was filtered, the filtrate poured 
into water, and the precipitated solid crystallised from aqueous methanol. The ketone separated 
in needles, m. p. 200—202°, [a]j,?* + 64° (c 1-15) (Found: C, 74-1; H, 8-7. C,,H,,O, requires 
C, 74-6; H, 8-9%). 

6£-Hydroxy-16«,17«-isopropylidenedioxy-6-methyl-3,5-cyclopregnan-20-ones (1X; R= 
~OH, ~Me).—The foregoing ketone (2-9 g.) in benzene (100 ml.) was added to a Grignard 
reagent prepared from magnesium (1-8 g.), methyl iodide (6 ml.), and ether (50 ml.). The 
mixture was distilled until the vapour-temperature reached 75°, then refluxing was continued 
for 2 hr. The product was isolated in the usual way and chromatographed on alumina (80 g.). 
Elution with benzene-ether (4:1) gave 6&-hydroxy-16«,17«-isopropylidenedioxy-6&-methyl-3,5- 
cyclopregnan-20-one, blades (from aqueous methanol), m. p. 192—193°, [a],?4 +71° (c 0-82) 
(Found: C, 74:5; H, 9-4. C,,;H,,0, requires C, 74-6; H, 95%). Further elution with the 
same solvent mixture gave a substance, needles (from acetone—-hexane), m. p. 209—210° (Found: 
C, 72-6, 72-8; H, 10-0, 10-1%). 

38-A cetoxy-162,17«-isopropylidenedioxy-6-methylpregn-5-en-20-one (VII; R=Ac, R’= 
Me).—(a) A solution of the foregoing compound (m. p. 192—193°) (0-5 g.) in acetic acid (10 ml.) 
and concentrated sulphuric acid (0-2 ml.) was set aside overnight. The solid obtained on 
addition of water crystallised from aqueous methanol, giving the 3-acetate, leaflets, m. p. 
166—168°, [a],,22 —25° (c 0-86) (Found: C, 72-8; H, 9-0. C,,H, O; requires C, 72-9; H, 9-1%). 

(b) A suspension of 38,5«-dihydroxy-16«,17«-isopropylidenedioxy-68-methyl-5«-pregnan- 
20-one (2 g.) in acetic acid (25 ml.) and acetic anhydride (4 ml.) was treated with 72% perchloric 
acid (2 drops). After 30 min., the mixture was diluted with water, and the product isolated 
with ether and crystallised from aqueous methanol. 38-Acetoxy-16x,17«-isopropylidene- 
dioxy-6-methylpregn-5-en-20-one separated in needles, m. p. 164—166°, not depressed in 
admixture with a specimen prepared by method (a). 

38-Hydroxy-16«,17«-isopropylidenedioxy-6-methylpregn-5-en-20-one (VII; R=H, R’ = 
Me), prepared by saponification of the foregoing compound with methanolic potassium 
hydroxide, formed needles (from chloroform—methanol), m. p. 232—234°, [aJ,22 —18° (c 0-48) 
(Found: C, 74-25; H, 9-4. C,,H,,O, requires C, 74-6; H, 9-5%). 

16a,17«-Isopropylidenedioxy-6a-methylpregn-4-en-3,20-dione (III).—A solution of the fore- 
going compound (20-6 g.) in toluene (300 ml.) and cyclohexanone (500 ml.) was distilled until 
150 ml. of distillate had collected. After the addition of aluminium t-butoxide (30 g.), the 
mixture was refluxed for 30 min., cooled, and washed with aqueous Rochelle salt, and the 
solvents were removed by steam-distillation. The gummy product was isolated with ether and 
purified from ether—hexane to give the 6«-methyl diketone, identical with samples prepared by 
the method described previously. 

16a-A cetoxy-38,17a-dihydroxy-6-methylpregn-5-en-20-one Ethoxycarbonylhydrazone (V; R= 
H, R’ = Me, R” = Ac).—Ethyl hydrazinecarboxylate (12-5 g.) in_acetic acid (12-5 ml.) was 
added to 16«,17«-epoxy-38-hydroxy-6-methylpregn-5-en-20-one ® (12-5 g.) in acetic acid (75 ml.). 
The mixture was stirred for 7 hr., then set aside overnight. The resulting jelly was treated 
with water (250 ml.), stirred, heated to 60°, and kept at this temperature for 30 min., during 
which the mixture thickened and the solid present appeared to become crystalline. The 
product was filtered off while hot, washed, and purified from aqueous ethanol. 16«-Acetoxy-38,17«- 
dihydroxy-6-methylpregn-5-en-20-one ethoxycarbonylhydrazone formed needles, m. p. 262—265° 
(decomp. ), [a],,22 — 134° (c 1-15) (Found: C, 66-5; H, 8-6; N, 5-8. C,,H4.N,O, requires C, 66-1; 
H, 8-6; N, 5°7%). 

16a-A cetoxy-38,17a-dihydroxy-6-methylpregn-5-en-20-one (VI; R=H, R’=Me, R” = 
Ac).—-The foregoing compound (27-5 g.) in acetic acid (138 ml.) was heated with 50% aqueous 
pyruvic acid (22 ml.) at 100° for 15 min. After addition of water (188 ml.) and acetic acid 
(10 ml.), the whole was heated to the b. p. and the clear solution set aside to cool. The 
crystalline product was purified from aqueous ethanol to give the 16a-acefate, needles, m. p. 
226—227°, {a],"° —74° (c 1-01) (Found: C, 71-5; H, 9-1. C,sH,,0; requires C, 71-25; H, 
9-0%). 

38,16a-Diacetoxy-17a-hydroxy-6-methylpregn-5-en-20-one (VI; R= R” = Ac, R’ = Me), 
prepared by treating the foregoing compound (0-5 g.) in pyridine (2 ml.) with acetic anhydride 
(2 ml.) for 2 hr. at 100°, crystallised from aqueous acetone in prisms, m. p. 170°, [a],2° —82° 
(c 1-05) (Found: C, 69-75; H, 8-9. C,,H,,0, requires C, 69-9; H, 86%). 
® Barton, Ellis, and Petrow, J., 1959, 478. 
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6-Methyl-38,16a,17«-trihydroxypregn-5-en-20-one Ethoxycarbonylhydvazone (V; R= R” = 
H, R’ = Me).—A solution of potassium hydroxide (2 g.) and 16a-acetoxy-38,17«-dihydroxy-6- 
methylpregn-5-en-20-one ethoxycarbonylhydrazone (13-6 g.) in methanol (100 ml.) was refluxed 
for 20 min., acidified with acetic acid (2-5 ml.), concentrated to half bulk, and treated with water 
(150 ml.). Purification of the crystalline product from aqueous methanol gave the triol 
derivative in needles, m. p. 219—220° (decomp.), [a|,,"” — 147° (c 1-1) (Found: C, 64-6; H, 8-7; 
N, 6-7. Calc. for C,;HyN,O;: C, 66-9; H, 9-0; N, 6-25%). Despite intensive drying of this 
compound, satisfactory analyses could not be obtained. 

6-Methyl-38,16«,17a-trihydroxypregn-5-en-20-one (VI; R = R” = H, R’ = Me). The fore- 
going hydrazone (4-8 g.) in acetic acid (20 ml.) and 50% aqueous pyruvic acid (8 ml.) was 
heated at 100° for 15 min. After addition of water (50 ml.), the product was collected and 
crystallised from aqueous ethanol. The ériol separated in needles, m. p. 213—215°, [aJ,,* 
— 65° (c 1-0) (Found: C, 73-1; H, 9-4. C,,.H3,O, requires C, 72-9; H, 9-45%). 

Acetylation in pyridine gave the 38,16a-diacetate, m. p. and mixed m. p. 170°. 

3B-Hydroxy-16«,17«-isopropylidenedioxy-6-methylpregn-5-en-20-one (VII; R=H, R’ = 
Me).—(a) A solution of 16a-acetoxy-36,17«-dihydroxy-6-methylpregn-5-en-20-one (2-5 g.) in 
acetone (40 ml.) and methanol (10 ml.) was treated with 60% aqueous perchloric acid (2 ml.), 
and the mixture kept for 18 hr. The crystals which had separated had m. p. 216—217°, raised 
to 232° by purification from chloroform—methanol. No depression of m. p. was obtained in 
admixture with a specimen of the isopropylidene derivative prepared as described above. 

(b) A solution of 38,16«,17«-trihydroxy-6-methylpregn-5-en-20-one (3-4 g.) in boiling 
acetone (70 ml.) was treated with 72% perchloric acid (3 drops). The crystals which separated 
were purified from chloroform—methanol to give needles, m. p. 232—233°, not depressed in 
admixture with specimens prepared by other methods (above). 

68 - Ethyl-5a-hydroxy - 16a,17«-isopropylidenedioxy - 5a-pregnane - 3,20 -dione. — 38 - Acetoxy- 
5a,6«-epoxy-16«,17«-isopropylidenedioxy-5«-pregnan-20-one (43 g.) in benzene (1-7 1.) was added 
to a Grignard reagent prepared from magnesium (36 g.), ethyl iodide (136 ml.), and ether 
(600 ml.). The mixture was distilled until the vapour-temperature reached 70°, then refluxing 
was continued for 5 hr. The product, isolated in the usual way, was obtained as a gum. It 
(24 g.) in benzene (300 ml.) was shaken for 3 hr. with chromium trioxide (9 g.) in acetic acid 
(240 ml.) and water (60 ml.)._ The organic phase was washed with dilute alkali and then water, 
and dried and the solvent was removed. Trituration of the residue with ether—hexane gave a 
ketone which crystallised from aqueous ethanol in plates, m. p. 268—270° (decomp.), [a], 

+ 29° (c 1-1) (Found: C, 72-3; H, 9-4. C,,H,,O,; requires C, 72-2; H, 9-3%). 

6a-Ethyl-16«,17«-isopropylidenedioxypregn-4-ene-3,20-dione.—The foregoing compound (1 g.) 
was heated under reflux for 3 hr. with potassium hydroxide (9 mg.) in ethanol (70 ml.)._ The 
crystals obtained by the addition of water were purified from aqueous ethanol to give the 
6a-ethyl compound, needles, m. p. 158°, vnax, (in Nujol) 1680 and 1610 cm.~! (A‘-3-ketone) (Found: 
C, 75-15; H, 9-6. C,,H;,0, requires C, 75-3; H, 9-2%). 





CHEMICAL RESEARCH LABORATORIES, 
THE British DruG Houses Ltp., Lonpon, N.1. [Received, March 24th, 1961.]} 





804. Cyclitols. Part IX.1_ Cyclohexylidene Derivatives of 
Myoinositol. 


By S. J. Ancya, M. E. TAte, and (in part) S. D. GERo. 


Condensation of myoinositol with cyclohexanone yields 1,2-O-cyclo- 
hexylidenemyoinositol and three diketals—1,2:3,4-, 1,2:4,5-, and 1,2:5,6-di- 
O-cyclohexylidenemyoinositol. The preparation of 1,4,5,6-tetra-O-acetyl- 
myoinositol in good yield is described. 1,2-O-Cyclopentylidenemyoinositol 
has also been synthesised. 


In Part I of this Series? the conversion of cyclitols into their ketals with acetone was 
described. These compounds proved to be key intermediates for much subsequent work and, 


1 Part VIII, Angyal and Gilham, /., 1958, 375. 
2 Angyal and Macdonald, J., 1952, 686. 
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in particular, isopropylidenemyoinositol has been in constant demand in our laboratories. 
Unfortunately the preparation of this compound—in contrast to that of the ketals of other 
cyclitols—is satisfactory only on a very small scale * and, despite a later modification,‘ 
the yield remains poor and inconsistent. 

In order to combat an unfavourable position of the equilibrium water has to be removed 
from the reaction mixture. Unfortunately acetone, as a solvent, does not lend itself well 
to azeotropic separation of water. Moreover, acetone is not stable to strong dehydrating 
agents and self-condensation actually produces water, which may reverse the reaction 
if it is prolonged. Mi¢ovi¢ and Stojilkovi¢ > recently recommended the preparation of 
cyclohexylidene derivatives of sugars and polyols because of the ease with which they 
crystallise, and encouraged by Salmi’s earlier use ®-of azeotropic dehydration in the 
condensation of glycols with several ketones, including cyclohexanone, we now report the 
reaction of cyclohexanone with myoinositol. 

Myoinositol gradually dissolved in a boiling mixture of cyclohexanone and benzene, 
containing some toluene-f-sulphonic acid. Considerably more than one mol. of water, 
however, separated, and a monocyclohexylidene derivative, which was obtained by 
extraction of the reaction mixture with water, was only a minor product (2%). Most of 
the inositol was converted into three diketals which were separated by chromatography 
on alumina, and by crystallisation. They were identified as 1,2:3,4-, 1,2:4,5-, and 1,2:5,6- 
di-O-cyclohexylidenemyoinositol and were characterised as their diacetates and dibenzoates. 
A triketal of myoinositol appears to be present in the mother-liquors but could not be 
isolated. 

Since the monocyclohexylidene compound gave 1,4,5,6-tetra-O-acetylmyoinositol 
after acetylation and subsequent acid hydrolysis, it is the 1,2-ketal (I), and, as in the 
monoisopropylidene derivative of myoinositol,? the ketal ring was preferentially formed 
by reaction with cis-hydroxyl groups. Each of the three diketals was hydrolysed under 
mild conditions (ethylene glycol and acid) to give the 1,2-cyclohexylidene derivative; 
consequently each has one cyclohexylidene group in the 1,2-position. 

Each of the diketals was treated with sodium periodate, and also was methylated 
and the mixture of methyl ethers was examined by paper chromatography and iono- 
phoresis. Only one diketal (m. p. 174°) was found to be resistant to the action of periodate: 
this compound, obtained in 16% yield, must therefore have the 1,2:4,5-dicyclohexylidene 
structure. Methylation gave a dimethyl ether and 4-O-methylmyoinositol, together with 
a small amount of 1-O-methylmyoinositol. 

The diketal, m. p. 158°, isolated in 5% yield, reacted rapidly with periodate, whilst 
methylation yielded 5-O-methylmyoinositol, a dimethyl ether, and 4-O-methylmyoinositol. 
This ketal is therefore 1,2:3,4-di-O-cyclohexylidenemyoinositol. 

The third diketal, m. p. 133°, isolated in 15% yield, reacted slowly with periodate,* 
and methylation yielded 4-O-methylmyoinositol, together with a small amount of the 
l-isomer, and a dimethyl ether. This compound is therefore the 1,2:5,6-diketal (II). 
This structure was confirmed by partial benzoylation, from which two monobenzoates 
were isolated. The major product was identified as the 3-benzoate (III) by toluene- 
sulphonylation, followed by hydrolysis, which gave f 4-O-tosylmyoinositol, identical 
with a sample prepared by Mr. J. S. Murdoch in this laboratory from 1,2,3,4,5-penta-O- 
acetylmyoinositol. The minor product of the benzoylation was the 4-benzoate, as shown 


* An inspection of Dreiding models shows that the deformation of the cyclohexane ring, owing to 
the attachment of the five-membered ketal rings, brings the hydroxyl groups nearer to each other in 
the 1,2 : 3,4-diketal than in the 1,2 : 5,6-compound. 

+ A considerable amount of epi-inositol is also formed by solvolysis of 4-O-tosylmyoinositol. In the 
other cases studied by us,’ solvolysis of tosylinositols was much slower. 


3 Charalampous, J. Biol. Chem., 1957, 225, 585. 

* Angyal, Gilham, and Macdonald, J., 1957, 1417. 

5 Micovié and Stojilkovi¢, Tetrahedron, 1958, 4, 186. 

® Salmi, Ber., 1938, '71, 1803. 

7 Angyal and Anderson, Adv. Carbohydrate Chem., 1959, 14, 155. 
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by its conversion into 1-0-tosylmyoinositol.8 Preferential benzoylation of the diketal 
(II) on the 3-hydroxyl group which has an oxygen atom in an adjacent c?s-position, is now 
recognised as being in accordance with the recently observed facilitation of acylation by 
neighbouring oxygen atoms.® Other instances of this effect are the preferential toluene- 
sulphonylation ! of 1,2:3,4-di-O-isopropylidene-epi-inositol in the 5-position, and the 
enhanced rate of esterification of cis-1,3-O-benzylideneglycerol." 

The two monobenzoates derived from 1,2:5,6-di-O-cyclohexylidenemyoinositol are the 
first examples of myoinositol derivatives unsubstituted only on the 1- and the 4-hydroxy] 
group, respectively. They are valuable intermediates for the synthesis of substituted 
myoinositols (see Part X). 

In Part I it was concluded 2 that, on reaction of a cyclitol with acetone in the presence 
of zinc chloride, normally only cis-hydroxyl groups react; ketal formation across trans- 
hydroxyl groups occurs only with cyclitol derivatives which already contain two cis-ketal 


(II) R= H 
(IIL) R = Bz 





[The compounds isolated were racemic.] 


groups. This unusual reaction was explained as being due to the distortion of the chair 
form of the cyclohexane ring by the attachment of two five-membered rings. One case 
which does not conform to this conclusion is that of a di-O-isopropylidene-(—)-bornesitol,™ 
which is, however, produced only in very small yield. The present work shows that, under 
the more stringent conditions now employed, a ¢rans-ketal can be introduced into a cyclitol 
containing only one cis-ketal group. In a forthcoming paper it will be shown that the 
same is true of isopropylidene ketals when formed by the reaction of cyclitols with acetone 
diethyl ketal. 

Although satisfactory conditions could not be found for the preparation of the mono- 
ketal (I) by the condensation of myoinositol with cyclohexanone, this compound was 
obtained in good yield by partial hydrolysis of the diketals. The hydrolysis could not be 
stopped satisfactorily at the monoketal stage merely by reliance on the different rates of 
reaction of the cis- and trans-ketal groups; but the cis-monoketal was separated, in 
excellent yield, from the reaction mixture by the use of hydrocarbon solvents in which it 
has a very low solubility. By this method, the monoketal was obtained in 90% yield from 
the crude reaction mixture of inositol with cyclohexanone. By acetylation and hydrolysis 
1,4,5,6-tetra-O-acetylmyoinositol, an important intermediate for the preparation of 
cyclitol derivatives, readily resulted. 

Myoinositol was also condensed with cyclopentanone, which is less reactive than its 
six-membered analogue, and 1,2-O-cyclopentylidenemyoinositol was obtained in 29% 
yield. Higher ketals were also formed, but have not been isolated. 


EXPERIMENTAL 


M. p.s are corrected. All the compounds described in this paper are racemic. 

Reaction of Myoinositol with Cyclohexanone.—(a)  1,2-O-Cyclohexylidenemyoinositol. 
Powdered myoinositol (50 g.) was heated with cyclohexanone (500 ml.) and benzene (130 ml.) 
under a Dean and Stark separator until no more water separated (5 ml.). Toluene-p-sulphonic 

® P. T. Gilham, Ph.D. Thesis, University of New South Wales, 1956. 

® Kupchan, Slade, and Young, unpublished work; personal communication by Dr. R. J. Young. 

10 Angyal and Gilham, /J., 1957, 3691. 

11 Baggett, Brimacombe, Foster, Stacey, and Whiffen, J., 1960, 2577. 

12 Bien and Ginsburg, /]., 1958, 3189. 
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acid (1 g.) was then added and heating continued with vigorous stirring for 34 hr. during which 
23 ml. of water collected. The hot mixture was filtered to remove unchanged myoinositol 
(5 g.), and the filtrate was washed while still hot (to avoid the formation of emulsions) with 1-5n- 
ammonia (4 x 100 ml.). After addition of sodium carbonate (0-5 g.), the mixture was steam- 
distilled to remove benzene and cyclohexanone. The resulting organic layer was set aside for 
the isolation of the diketals. The aqueous layer was combined with the ammoniacal washings 
and was evaporated to dryness. The residue was extracted with hot ethanol, and the extract 
was filtered to remove some myoinositol and concentrated to a small volume. On addition 
of chloroform and cooling 1,2-O-cyclohexylidenemyoinositol (1-45 g., 2%), m. p. 174—177°, 
crystallised in needles. Recrystallisation from ethanol raised the m. p. to 179° (Found: 
C, 55-9; H, 7-8. C,,H,O, requires C, 55-4; H, 7-75%). 

(b) 1,2:4,5-Di-O-cyclohexylidenemyoinositol. The organic layer remaining after the steam- 
distillation was diluted to 450 ml. with benzene and azeotropically distilled to remove all water. 
The solution was then made up to 500 ml. with n-hexane and was poured on acolumn (27” x 2”) 
of alumina packed in n-hexane. The column was eluted with benzene-n-hexane (1:1; 31.), 
then with chloroform (3 1.), and finally with ethanol (4 1.). 

The first fraction gave inositol on hydrolysis and probably contained tricyclohexylidene- 
inositol besides condensation products of cyclohexanone. No crystalline compound was 
obtained from this fraction. 

The chloroform eluates were concentrated im vacuo to a brown oil which, after dissolution 
in benzene (40 ml.), gradually deposited 1,2:4,5-di-O-cyclohexylidenemyoinositol (13-5 g., 16%) 
as hexagonal plates which changed to needles at 158—159° and melted at 174° (Found: C, 63-15; 
H, 8-0. (C,,H,,O, requires C, 63-5; H, 8-3%). The diacetate, m. p. 179°, formed needles from 
ethanol (Found: C, 62-0; H, 7-45. .C,.H;,O, requires C, 62:25; H, 7-6%). Benzoylation 
with benzoyl chloride and pyridine gave the dibenzoate, needles (from benzene), m. p. 262° 
(Found: C, 70-5; H, 6-75. C3,H 3,0, requires C, 70-05; H, 6-6%). 

(c) 1,2:5,6-Di-O-cyclohexylidenemyoinositol. The ethanolic eluates were concentrated 
in vacuo; the oily residue was dissolved in a mixture of benzene (60 ml.) and n-hexane (90 ml.) 
which, after inoculation with crystals from a previous run, deposited crystals (19 g.), m. p. 
95—100°. This material was extracted with boiling light petroleum (b. p. 60—90°) which left 
the diketal (13-0 g., 15%), m. p. 126—128°, undissolved. Recrystallisation from benzene- 
light petroleum raised the m. p. to 133° (Found: C, 63-25; H, 8-3. C,,H,..O, requires C, 63-5; 
H, 8-3%). The diacetate, needles from ethanol, melted at 120° (Found: C, 62-7; H, 7-7. 
Cy.H3,0, requires C, 62-25; H, 7-6%). The dibenzoate crystallised from ethanol in two allo- 
tropic forms, m. p. 136—137° and 158° (Found: C, 70-2; H, 6-5. C;,H3,0, requires C, 70-05; 
H, 6-6%). 

(d) 1,2:3,4-Di-O-cyclohexylidenemyoinositol. The combined benzene-light petroleum liquors 
and extracts from the isolation of the 1,2:5,6-diketal were kept at 0° for 3 weeks whereupon a 
creamy solid was deposited (9-8 g.; m. p. 94—100°). After a further nine weeks at 0°, formation 
of small rosettes of well-defined rods (4-1 g., 5%), m. p. 155—157°, was observed. This diketal 
crystallised from benzene—n-hexane as needles, m. p. 158° (Found: C, 63-7; H, 8-4. C,.H,,O, 
requires C, 63-5; H, 8-3%). The diacetate did not crystallise. The dibenzoate, needles from 
ethanol, melted at 205° (Found: C, 69-9; H, 6-45. C,,H;,O, requires C, 70-05; H, 6-6%). 

Periodate Oxidation of the Isomeric Diketals—Each diketal (10 mg.) was dissolved in ethanol 
(2 ml.) and a 2% aqueous solution (3 ml.) of sodium metaperiodate was added. After 2 hr. 
the excess of periodate was destroyed by addition of ethylene glycol. After 15 min. the solution 
was heated on the water bath with 5n-hydrochloric acid (4 ml.) for 30 min., then evaporated to 
dryness, and the residue was dissolved in water (1 ml.) and examined by paper chromatography 
in acetone—water (4:1). The 2,3:4,5-diketal had been partially oxidiséd to reducing material 
visible at Rp 0-90 and 0-99; myoinositol was also present (Rp 0-14). The 1,2:3,4-diketal had 
been completely oxidised, only one (reducing) material showing (at Ry 0-99). The 1,2:4,5- 
diketal gave only a myoinositol spot. Myoinositol used in a control experiment was completely 
oxidised and gave no reducing material. 

Partial Methylation of the Isomeric Diketals——Each diketal (340 mg.) was heated with 
stirring for 1 hr. on the water bath with 30% sodium hydroxide solution (0-8 ml.) and dimethyl 
sulphate (0-4 ml.). The mixture was extracted with chloroform (3 x 5 ml.), and the combined 
organic layers were washed with water (3 x 5 ml.) and evaporated to dryness. The residue 
was heated with 80% acetic acid for 30 min. at 100° to remove the cyclohexylidene groups. 
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After evaporation to dryness, the residue (42 mg. from the 1,2:4,5-, 105 mg. from the 1,2:5,6-, 
and 131 mg. from the 1,2:3,4-diketal) was examined by paper chromatography in butan-1l-ol— 
pyridine—water (3: 2:1 v/v). In this system, after descending chromatography for 18 hr., 
the following displacements are observed: myoinositol, 4-1 cm.; 1-methyl ether, 7-6; 2-methyl 
ether, 10-0; 4-methyl ether, 9-5; 5-methyl ether, 9-5cm.; the dimethyl ether from the 1,2:5,6- 
diketal appears at 16-5, those from the other diketals at 18-1 cm. The products from the 
1,2:4,5- and the 1,2:5,6-diketal contained 1-O-methylmyoinositol as a minor product. Each 
of the mixtures gave a strong spot in the overlapping 4- and 5-methyl ether region. Examin- 
ation of this spot by paper ionophoresis ™ in 0-012M-sodium tetraborate (for 3 hr. at 550 v) 
indicated the presence of 4-O-methylmyoinositol in all. the three reaction mixtures. The 
presence of the 5-methyl ether in the product obtained from the 1,2:3,4-diketal was shown by 
subjecting the dried ionophoretogram to descending chromatography in butan-1-ol—pyridine— 
water (3: 2: 1) (from the “ positive ’’ to the “‘ negative ’’ side). 5-O-Methylmyoinositol, which 
was not separated from the dimethyl ether by ionophoresis, is clearly separated from it by the 
subsequent chromatography. 

Partial Hydrolysis of the Diketals.—Each of the dicyclohexylidene derivatives (36 mg.) was 
heated in chloroform (2 ml.) under reflux for 15 min. with a solution (0-9 ml.) of ethylene glycol 
(6-7 mg./ml.) and toluene-p-sulphonic acid (1 mg./ml.) in chloroform. Separation of crystals 
commenced almost immediately. Next day the 1,2-O-cyclohexylidenemyoinositol (25 mg., 
95%), m. p. 177—178°, was collected; it contained a trace of myoinositol (paper chromato- 
graphy) but did not depress the m. p. (179°) of an authentic sample. 

Benzoylation of 1,2:5,6-Di-O-cyclohexylidenemyoinositol (II).—The diketal (20-4 g.) was 
dissolved in dry pyridine (140 ml.), and benzoyl chloride (9 ml.) was added. After 18 hr. the 
mixture was poured on ice, and the semi-solid precipitate was taken up in benzene (4 x 400 ml.). 
Evaporation of the solvent left an oil (30-5 g.) which was chromatographed in benzene (30 ml.) 
on alumina (1206 g.), packed in benzene. The column was eluted with benzene-chloroform 
(9: 1), 500 ml. fractions being collected. Fraction 1—14 on evaporation gave crystais (5-62 g., 
17%), m. p. 154—158°, of 3,4-di-O-benzoyl-1,2:5,6-di-O-cyclohexylidenemyoinositol. 

Fractions 20—24 contained the 4-benzoate (0-93 g.). The eluting solvent was changed to 
benzene—chloroform (2: 1) and a further amount (0-9 g.) of 4-benzoate was collected in fractions 
25—30. Recrystallisation of the combined material from ethanol gave 4-O-benzoyl-1,2:5,6-di- 
O-cyclohexylidenemyoinositol (1-05 g., 4%), m. p. 185° (Found: C, 67-5; H, 7-1. C,;H;,0, 
requires C, 67-55; H, 7-25%). 

The eluting solvent was changed to chloroform, and the 3-benzoate (14-4 g.), m. p. 160— 
165°, was collected in fractions 31—42. Recrystallisation from ethanol gave 3-O-benzoyl- 
1,2:5,6-di-O-cyclohexylidenemyoinositol (III) (8-9 g., 33%), m. p. 173° (Found: C, 67-25; H, 
705%). 

3-O-Benzoyl-1,2:5,6-di-O-cyclohexylidene - 4-O-tosylmyoinositol.—3-O - Benzoyl - 1,2:5,6-di-O- 
cyclohexylidenemyoinositol (444 mg.) was heated in dry pyridine (0-4 ml.) with toluene-p- 
sulphonyl chloride (200 mg.) for 2 hr. on a steam bath. The mixture solidified overnight; it 
was dissolved in hot pyridine (2 ml.) and poured on ice. The precipitate was collected and 
then dissolved in boiling methanol (25 ml.); the solution was filtered, concentrated to 15 ml., 
and cooled to 0°, whereupon needles of the tosyl compound (271 mg., 45%), m. p. 140—143°, 
separated. Recrystallisation from ethanol raised the m. p. to 146—147° (Found: C, 64-0; 
H, 6-4. C;,H,,0,S requires C, 64-2; H, 6-4%). 

4-O-Tosylmyoinositol.—The preceding compound (271 mg.) was heated under reflux with 
ethanol (8 ml.) and 10N-hydrochloric acid (2 ml.) fdr 13 hr. (Paper chromatography after 8 hr. 
showed that the benzoyl group was not yet completely removed.) The mixture was evaporated 
to dryness and redissolved in water (0-4 ml.); cellulose powder (0-1 g.) and then acetone (4 ml.) 
were added, and the resulting slurry was poured on a cellulose powder (11 g.) column and eluted 
with acetone—water (9:1). Fractions 3—5 (6-5 ml. each) contained a solid (77 mg.), which 
was crystallised twice from ethanol to give needles of 4-O-tosylmyoinositol (12 mg., 8%), m. p. 
173—174° (decomp. in a capillary), 181—182° (decomp. on a Kofler block) (Found: C, 46-9; 
H, 5-6. C,,H,,0,S requires C, 46-7; H, 5-4%). An authentic sample was prepared by acid 
hydrolysis of 1,2,3,4,5-penta-O-acetyl-6-O-tosylmyoinositol, kindly supplied by Mr. J. S. 
Murdoch. The m. p. was not depressed. 


13 Chargaff, Levine, and Green, J]. Biol. Chem., 1948, 175, 67. 
14 Angval and McHugh, /J., 1957, 1423. 
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Further elution of the column with acetone—water (4:1) gave fractions containing (paper 
chromatography) epi-inositol. The content of these fractions (14-5 mg.) was crystallised from 
aqueous ethanol and yielded needles (3-5 mg., 4%) of epi-inositol, m. p. 270—280° (Kofler 
block). The crystals and the contents of the mother liquors were treated with acetic anhydride 
and sulphuric acid, and the crude hexa-acetate was crystallised from methanol and then 
sublimed at 160—180°/3 mm. The m. p., 187—188°, was undepressed by admixture with 
hexa-O-acetylepi-inositol, m. p. 188°. 

4-O-Benzoyl-1,2:5,6-di-O-cyclohexylidene-3 -O - tosylmyoinositol.—4 -O - Benzoy1- 1,2:5,6- di-O- 
cyclohexylidenemyoinositol (222 mg.) was heated in dry pyridine (0-2 ml.) with toluene-p- 
sulphony] chloride (100 mg.) for 1} hr. onasteam bath. The mixture, that solidified overnight, 
was dissolved in boiling methanol (25 ml.)._ The solution was filtered and concentrated to 5 ml.: 
on cooling it deposited rosettes (87 mg., 28%), m. p. 204—-206° (decomp.). <A further quantity 
(85 mg., 28%) of less pure material was obtained by the addition of water to the mother 
liquors. Recrystallisation from ethanol gave the tosyl compound as needles, m. p. 207° (decomp.) 
(Found: C, 64-65; H, 6-5. C3,H,,0,S requires C, 64-2; H, 6-4%). 

1-O-Tosylmyoinositol—The preceding compound (75 mg.) was heated under reflux with 
methanol (10 ml.) and 4N-hydrochloric acid (10 ml.) for 16 hr. After extraction with ether, 
the solution was evaporated to dryness and the residue was crystallised from water (7 ml.) to 
give 1-O-tosylmyoinositol (19-5 mg., 46%), m. p. 223—-224° (decomp.). With acetic anhydride 
and pyridine it gave 1,2,4,5,6-penta-O-acetyl-3-O-tosylmyoinositol, needles (from ethanol), 
m. p. 149—150°; the m. p. was not depressed by admixture with an authentic sample,® 
m. p. 150°. 

Preparation of 1,2-O-Cyclohexylidenemyoinositol and of 1,4,5,6-Tetra-O-acetylmyoinositol.— 
In a flask fitted with a Hirschberg stirrer and a Dean and Stark separator powdered myoinositol 
(50 g.) was heated under reflux with cyclohexanone (technical, 500 ml.) and benzene (130 ml.) 
until no more water distilled. Toluene-p-sulphonic acid (1 g.) was then added and heating 
continued with vigorous stirring for 6 hr.; by that time nearly all the inositol had dissolved 
and 24 ml. of water had collected in the separator. Benzene (250 ml.), light petroleum (b. p. 
60—80°; 250 ml.), and ethanol (50 ml.) were added to the cooled solution which was then 
inoculated with 1,2-O-cyclohexylidenemyoinositol (0-5 g.) and left overnight. The resulting 
slurry was filtered and the solid was well washed with benzene. Paper chromatography 
indicated that the product contained some myoinositol; it was therefore extracted three times 
with anhydrous ethanol (3 x 200ml.). Evaporation of the extracts gave 1,2-O-cyclohexylidene- 
myoinositol (67-8 g., 90°), m. p. 178°, which was sufficiently pure for the preparation of the 
tetra-acetate. 

The monoketal (48 g.) was heated on the steam bath for 2 hr. with anhydrous pyridine 
(280 ml.) and acetic anhydride (320 ml.)._ The cooled mixture was poured on ice, and 1,4,5,6- 
tetva-O-acetyl-2,3-O-cyclohexylidenemyoinositol (78 g., 98%), m. p. 116°, was collected. The 
crude material was sufficiently pure for the next reaction but a pure sample, m. p. 118°, was 
obtained as needles by crystallisation from ethanol (Found: C, 55-85; H, 6-5. CygH,.O19 
requires C, 56-05; H, 6-6%). 

The tetra-acetate (51 g.) was heated for 2 hr. on the steam bath with glacial acetic acid 
(80 mJ.) and water (20 ml.). The solution was evaporated in vacuo, the residue redissolved in 
water, and again evaporated. The residue was then dissolved in boiling water (50 ml.), and 
the solution was filtered and set aside at 0°: it deposited 1,4,5,6-tetra-O-acetylmyoinositol 
monohydrate (33 g., 77%) as needles, m. p. 100° after shrinking at 94—-97° (Found: C, 46-25; 
H, 6-0. Calc. for C,,H 0.9,H,O: C, 45-9; H, 6-05%). Complete removal of water from 
this compound requires long and careful heating; crystallisation from anhydrous ethanol, how- 
ever, yields a hemihydrate, m. p. 138—140°, which loses the water readily, even during the deter- 
mination of the m. p. (Found: C, 47-15; H, 5-75. Calc. for CygHy 9O0y9,H,O: C, 47-05; H, 
5-9%). 

The over-all yield of tetra-acetate from myoinositol was 68%. 

1,2-O-Cyclopentylidenemyoinositol—Powdered myoinositol (20 g.) was heated under reflux 
with cyclopentanone (300 ml.), benzene (50 ml.), and toluene-p-sulphonic acid (0-5 g.) for 6 hr., 
with vigorous stirring, under a Dean and Stark separator: 2-7 ml. of water collected. The hot 
reaction mixture was filtered to remove unchanged myoinositol (7-7 g.), and the filtrate was 
extracted, while still warm, with 2N-ammonia (6 x 75 ml.). The organic layer was steam- 
distilled to remove the cyclopentanone; the resulting aqueous layer was combined with the 
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ammoniacal washings and evaporated to dryness in vacuo. The residue (8-9 g.) was crystallised 
from anhydrous methanol, with the addition of chloroform, to give plates of 1,2-O-cyclopentyli- 
denemyoinositol (5-33 g., 29%), m. p. 164—166°. The pure substance melts at 166° (Found: 
C, 53°75; H, 7-5. C,,H,,0, requires C, 53-65; H, 7-4%). With acetic anhydride and pyridine 
it gave an 82% yield of 1,4,5,6-tetra-O-acelyl-2,3-O-cyclopentylidenemyoinositol, needles (from 
ethanol), m. p. 132° (Found: C, 55-1; H, 6-2. Cy, 9H.0,9 requires C, 55-05; H, 6-3%). Hydro- 
lysis of this compound by the method described for the cyclohexylidene analogue gave 1,4,5,6- 
tetra-O-acetylmyoinositol, m. p. 139°, in 73% yield. 
SCHOOL OF CHEMISTRY, UNIVERSITY OF NEW SouTH WALEs, 
SYDNEY. [Received, April 10th, 1961.] 





805. Cyclitols. Part X.1_ Myoinositol Phosphates. 
By S. J. ANGyaL and M. E. Tarte. 


Syntheses of myoinositol 4- and 5-phosphate, and of the 1,4-, 1,6-, and 
4,5-diphosphate, are described. Heating in N-hydrochloric acid causes 
phosphate migration from all positions, the migration being faster between 
cis- than between tvans-hydroxyl groups. 


PHOSPHOLIPIDS containing myoinositol, often called phosphoinositides, form a diverse 
group of products widely distributed in Nature.2 On hydrolysis they yield, amongst 
other compounds, myoinositol and a monophosphate of myoinositol. In the case of a 
phospholipid isolated from brain, it was claimed by Folch * that a myoinositol diphosphate 
is obtained by hydrolysis; Grado and Ballou * have recently found that, in fact, a mixture 
is produced from which they separated two triphosphates, two diphosphates, and a mono- 
phosphate of myoinositol. In order to identify these products, and to study their behaviour 
under the conditions employed for the hydrolysis of phospholipids, we have synthesised 
those myoinositol monophosphates which were not previously known; three diphosphates 
have also been synthesised.* 

Myoinositol 2-phosphate (I) has been known for a long time. It has been prepared © 
by the phosphorylation of 1,3,4,5,6-penta-O-acetylmyoinositol, and by the partial 
hydrolysis of phytic acid (myoinositol hexaphosphate) by chemical? and by enzymic 
means.® Contrary to earlier claims,’ it is now well established 1" that each of these 
methods yields the same monophosphate. Hydrolysis of liver or soya-bean phospholipids 
gives a monophosphate which differs from the 2-phosphate, but the difference was not 
clearly recognised until Pizer and Ballou showed that this phosphate is optically active. 
By synthesising its enantiomorph, Ballou and Pizer proved * that the product obtained 
from natural sources is (1R)-myoinositol l-phosphate (II). Its racemate was prepared 
from the 2-phosphate by phosphate migration in acid solution, and by the formation 
and opening of the cyclic 1,2-phosphate.!1 


* A preliminary account of part of this work has appeared. 


Part IX, Angyal, Tate, and Gero, preceding paper. 

For a review, see Hawthorne, J. Lipid Res., 1960, 1, 255. 

Folch, J. Biol. Chem., 1949, 177, 497, 505. 

Grado and Ballou, J. Biol. Chem., 1960, 235, PC23. 

Angyal, Murdoch, and Tate, Proc. Chem. Soc., 1960, 416. 

Iselin, J. Amer. Chem. Soc., 1949, 71, 3822. 

Courtois and Masson, Bull. Soc. chim. biol., 1950, 32, 314; Desjobert, ibid., 1954, 36, 1293. 
McCormick and Carter, Biochem. Prep., 1952, 2, 65. 

Fleury, Desjobert, and Lecocq, Bull. Soc. Chim. biol., 1954, 36, 1301. 
Pizer and Ballou, J]. Amer. Chem. Soc., 1959, 81, 915. 

Brown and Hall, J., 1959, 357. 

Ballou and Pizer, ]. Amer. Chem. Soc., 1960, 82, 3333. 

Posternak, Helv. Chim. Acta, 1959, 42, 390. 

Brown, Hall, and Letters, J., 1959, 3547. 

Posternak, Helv. Chim. Acta, 1958, 41, 1891. 
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The synthesis of inositol phosphates depends on the availability of myoinositol 
derivatives in which only one hydroxyl group is unsubstituted. Apart from the previously 
mentioned 1,3,4,5,6-penta-acetate, no such derivative of myoinositol has been described. 
The preceding paper contains the preparation of 3-O-benzoyl-1,2:5,6-di-O-cyclohexylidene- 
myoinositol (V); this compound served as an intermediate in the synthesis of myoinositol 
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[P = *PO(OH)..] 


[Compounds are racemates unless otherwise stated.] 


4-phosphate. Treatment with diphenyl phosphorochloridate in pyridine gave the corre- 
sponding 4-(diphenyl phosphate) (VI). On catalytic hydrogenation, this compound lost the 
phenyl groups, and the acidity of the resulting free phosphate caused a partial loss of the 
cyclohexylidene groups as well. The ketal groups were completely removed by mild acid 
hydrolysis, and the benzoate group by alkaline hydrolysis; (--)-myoinositol 4-phosphate 
(III) was isolated as the biscyclohexylammonium salt. This isomer was found to be 
structurally identical with the optically active monophosphate obtained from brain 
phosphoinositide by Grado and Ballou. 

In an analogous manner, 4-O-benzoyl-1,2:5,6-di-O-cyclohexylidenemyoinositol was 
converted into the corresponding 3-(diphenyl phosphate); but this route to the synthesis 
of the 1-phosphate was not pursued further as the starting material is not readily prepared 
in quantity. 

Many unsuccessful attempts have been made to prepare from myoinositol a derivative 
in which only the 5-hydroxyl group was unsubstituted. A round-about way was finally 
found which utilises 2-amino-2-deoxyneoinositol (VII) as starting material. This inos- 
amine has been synthesised 1 but is more readily available by the hydrolysis of the 
antibiotic hygromycin A.1?7_ On treatment with nitrous acid the inosamine (VII) is 
partially converted into myoinositol,!” the replacement of the amino- by a hydroxyl group 
occurring exclusively by inversion. We found that the penta-O-acetate (VIII) of the 
inosamine gives 1,2,3,4,6-penta-O-acetylmyoinositol (IX) in 33% yield on treatment with 
nitrous acid. (The deamination of inosamines is being studied and will be the subject of 
a forthcoming communication.) 


16 Allen, J. Amer. Chem. Soc., 1956, 78, 5691. 
17 Patrick, Williams, Waller, and Hutchings, J. Amer. Chem. Soc., 1956, 78, 2652; Mann and Woolf, 
ibid., 1957, 79, 120. 
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Phosphorylation of the penta-acetate (IX) with diphenyl phosphorochloridate gave the 
corresponding 5-(diphenyl phosphate) (X); after hydrogenolysis and deacetylation, 
myoinositol 5-phosphate (IV) was isolated as its biscyclohexylammonium salt. 

The melting points of the myoinositol phosphates, or of their salts, are not suitable 
criteria for their characterisation ! since they vary with the rate of heating, and melting 
is accompanied by decomposition. The isomers can be distinguished, however, by paper 
chromatography in a mixture of propan-2-ol and concentrated ammonia solution (4: 1 
v/v). The Ry values are low and the movement of the phosphates is slow but after several 
days’ irrigation the four isomers are clearly separated. 

When attempts are made to determine, in a phosphoinositide, the position of the 
phosphate-inositol linkage, the possibility of phosphate migration during hydrolysis must 
be taken into account. This migration, well-known in the case of the glycerol phosphates,!® 
occurs generally in polyols if they contain a free hydroxyl group in a sterically suitable 
position. Myoinositol 1- and 2-phosphate are thus interconvertible ™ and form an 
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equilibrium mixture in acid solution; migration therefore takes place between cis-hydroxy] 
groups in myoinositol. Availability of the other isomers enabled us to show that migration 
occurs between trans-hydroxyl groups as well, albeit more slowly. Boiling 80% acetic 
acid, suitable for the interconversion of 1- and 2-phosphates, appears to cause no significant 
amount of trans-migration; but N-hydrochloric acid at 80—85° does so. Under these 
conditions, equilibration of the 1- and the 2-phosphate is virtually complete in 30 minutes; 
trans-migration is noticeable after 1 hour and all the isomers are detected after 8 hours. 
Fig. 1 illustrates chromatographic evidence of the isomerisation of the 2- and of the 5-phos- 
phate. Migration occurs, therefore, as indicated in formule (I) to (IV), right around the 
cyclitol ring. 

Inositol phosphates suffer no migration under alkaline conditions; but alkaline 
hydrolysis of a phosphoinositide may be accompanied by migration owing to the formation 
of an intermediate cyclic phosphate.!® Such migration was observed on alkaline hydrolysis 
of a sample of an inositol phosphatide isolated from peas,” kindly supplied by Dr. H. E. 
Carter; a mixture of inositol 1- and 2-phosphate was formed similar to that obtained from 
the inositides of soya bean, beef liver, horse liver, etc. For these materials, attachment 
of the phosphate group to the l-position of myoinositol is now well established.121 

There has been some interest in the action of inositol phosphate as a growth factor for 
micro-organisms. Woolley 7? and McKibbin ** have both recorded that (structurally 
not defined) inositol phosphate had partial activity when used to replace myoinositol as 


18 Baer and Kates, J. Biol. Chem., 1950, 185, 615. 

19 Brown and Higson, J., 1957, 2034. 

20 Wagenknecht, Lewin, and Carter, J]. Biol. Chem., 1959, 234, 2265. 
21 Brown, Clark, Hall, and Letters, Proc. Chem. Soc., 1960, 212. 

22 Woolley, J. Biol. Chem., 1941, 140, 461. 
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a growth factor, but Germanier™ found the 2-phosphate to be inactive. With the 
availability of all isomers, the biological activity of the phosphates could be investigated. 
Dr. Laurens Anderson, of the University of Wisconsin, kindly tested the four phosphates 
against Saccharomyces carlsbergensis and reported that they all had very low activities, 
between 0-7 and 1-5% of an equivalent amount of myoinositol. Dr. F. D. Collins, of the 
University of Melbourne, obliged us with a test against “ inositol-less ’’ Neurospora crassa 
and found very similar low activities. In each case the 2-phosphate was the least active. 
Whatever activity the phosphates appear to possess may be caused by myoinositol formed 
through hydrolysis; and the earlier reports of positive results may have been due to 
contamination be myoinositol. These results are in accord with the present view that 
myoinositol phosphates are not intermediates in the biosynthesis of phosphoinositides.” 

Eagle and his co-workers found ** that myoinositol is necessary for the growth of 
normal and malignant human cells in tissue culture; they reported different activities for 
two different samples of inositol phosphates. Dr. Eagle has now tested the four pure 
isomers and has found that all have activities similar to that of myoinositol, except that 
the 2-phosphate is somewhat less active. Apparently the tissue cultures contain a 
phosphatase which liberates myoinositol from all isomers; the axially substituted 2-phos- 
phate would be hydrolysed more slowly. 

Because of interest in the “‘ diphosphoinositide ” occurring in brain, several myoinositol 
diphosphates have been synthesised. 1,2:4,5-Di-O-cyclohexylidenemyoinositol! was 
readily phosphorylated at both free hydroxyl groups, and removal of the protecting groups 
then gave myoinositol 1,4-diphosphate (XI). Dr. Ballou has informed us that this com- 
pound is structurally identical with one of the optically active diphosphates obtained by 
hydrolysis of the brain phosphoinositide. 

The other dicyclohexylidene ketals reported in the preceding paper! have vicinal 
hydroxyl groups and the outcome of their phosphorylation appeared doubtful. With 
diphenyl phosphorochloridate, 1,4,5,6-tetra-O-acetylmyoinositol 5 and 1,2:5,6-di-O- 
isopropylidene-(—)-inositol 2” both give cyclic phosphates, instead of diphosphates; the 
monophosphate formed initially suffers displacement of a phenyl group by the adjacent 
hydroxyl group. In the former case, the two hydroxyl groups are in cis-relation to each 
other but in the latter they are in ¢rvans-relation; nevertheless, distortion of the cyclitol 
ring by two cis-attached ketal rings brings these hydroxyl groups in close proximity, 
as shown by their ability to form a ketal with acetone. In 1,2:5,6- and in 1,2:3,4-di-O- 
cyclohexylidenemyoinositol, however, the two free ¢rans-hydroxyl groups appear to be at 
the usual distance from each other: phosphorylation gives the diphosphates, myoinositol 
1,6-diphosphate (XII) and myoinositol 4,5-diphosphate (XIII). The latter, as Dr. Ballou 
has informed us, proved to be structurally identical with the second diphosphate obtained 
from the brain phosphoinositide. 


EXPERIMENTAL 


M. p.s are corrected. 

(+)-3-O-Benzoyl-1,2:5,6-di-O-cyclohexylidenemyoinositol 4-(Diphenyl Phosphate) (VI1).— 
3-O-Benzoyl-1,2:5,6-di-O-cyclohexylidenemyoinositol ! (4-5 g.) was dissolved, by heat on the 
steam bath, in a mixture (35 ml.) of diphenyl phosphorochloridate and pyridine (1: 9v/v). After 
being kept overnight, the mixture was heated on the steam bath for 2-5 hr., then cooled and 
poured onice. The precipitated diphenyl phosphate crystallised from ethanol in needles (4-7 g., 
73%), m. p. 153°; recrystallisation from ethanol raised the m. p. to 155° (Found: C, 65-75; 
H, 6-3. C3,H,,O,9P requires C, 65-65; H, 6-1%). 

(+)-Myoinositol 4-(Dihydrogen Phosphate) (I1I).—The above diphenyl ester (4:5 g.) was 

24 Germanier, Arch. Mikrobiol., 1959, 33, 337. 
re ae Bradley, and Brady, J. Biol. Chem., 1958, 238, 1077; Paulus and Kennedy, ibid., 1960, 

26 Eagle, Oyama, Levy, and Freeman, J. Biol. Chem., 1957, 226, 191. 

27 Kilgour and Ballou, J. Amer. Chem. Soc., 1958, 80, 3956. 

28 Angyal and Macdonald, /., 1952, 686. 
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shaken with Adams platinum oxide catalyst (250 mg.) in ethanol (500 ml.) under hydrogen 
until no more hydrogen was consumed. On evaporation in vacuo, the solution gave an oil the 
weight (3-83 g.) of which indicated partial hydrolysis of the ketal groups. The‘oil was dissolved 
in boiling methanol (35 ml.), the solution was filtered, and N-methanolic barium methoxide 
solution (30 ml.) was added; after 10 min. the mixture, which had set to a jelly, was heated on 
a steam bath for 30 min. After addition of water (100 mi.) and removal of the methanol by 
distillation, the mixture was cooled and freed from barium by gradual addition of N-sulphuric 
acid. The solution (pH approx. 2) was filtered and extracted with ether (4 x 30 ml.) in order 
to remove benzoic acid. Cyclohexylamine (2 ml.) was added, the solution evaporated in vacuo, 
and the residue was crystallised several times from water—acetone to give needles (0-94 g., 30%) 
of myotinositol 4-(biscyclohexylammonium phosphate), m. p. 206—207° (decomp.) (Found: 
C, 46-5; H, 8-7; N, 6:15. C,,H3,0,N,P,4H,O requires C, 46-15; H, 8-6; N, 6-0%). The 
material was chromatographically homogeneous. The mother-liquors yielded two more crops 
of slightly impure material (0-78 and 0-62 g., total yield, 78%). 

(+)-4-O-Benzoyl-1,2:5,6-di-O-cyclohexylidenemyoinositol 3-(Diphenyl Phesphate).—4-O- 
Benzoyl1-1,2:5,6-di-O-cyclohexylidenemyoinositol ! (52 mg.) was heated on the steam bath for 
6 hr. with a solution (0-4 ml.) of diphenyl phosphorochloridate in pyridine (1:9 v/v). The 
mixture was then poured on ice, and the precipitated diphenyl phosphate was crystallised twice 
from ethanol: needles (26 mg., 33%), m. p. 153°, were obtained (Found: C, 65-3; H, 6-4. 
C3,H4,0,9P requires C, 65-65; H, 6-1%). 

1,2,3,4,6-Penta-O-acetylmyoinositol (IX) (with Mr. J. S. Murpocn).—A mixture of finely 
powdered 5-amino-5-deoxyneoinositol hydrochloride (9-8 g.), acetyl bromide (35-4 g.), and 
chloroform (25 ml.) was stirred under a reflux condenser at 50° until the evolution of hydrogen 
bromide had ceased (ca. 2 hr.). The mixture was then evaporated to dryness in vacuo to give 
penta-O-acetyl-5-amino-5-deoxyneoinositol hydrobromide (20-8 g.) as a white powder. Toa 
solution of this compound (20 g.) in water (340 ml.), a solution of sodium nitrite (3-2 g.) in 
0-05n-hydrochloric acid (10 ml.) was added dropwise with stirring at 0°: nitrogen was evolved 
and a sticky precipitate separated in a few minutes. After 1-5 hr. the mixture was extracted 
with chloroform (4 x 100 ml.), and the extracts were dried (Na,SO,) and evaporated. The 
remaining yellow syrup was dissolved in the minimum amount of benzene and set aside at 0°: 
1,2,3,4,6-penta-O-acetylmyoinositol (5-1 g., 33%) crystallised. After one recrystallisation from 
ethyl acetate—light petroleum it had m. p. 178° (Found: C, 49-3; H, 5-7. C,,H,.0,, requires 
C, 49-2; H, 57%). 

Myoinositol 5-(Dihydrogen Phosphate) (1V).—A mixture of 1,2,3,4,6-penta-O-acetylmyoino- 
sitol (1-09 g.), diphenyl phosphorochloridate (2-25 g.), and dry pyridine (3-1 ml.) was heated 
for 10 hr. on the steam bath. On cooling, crystals appeared; methanol (5 ml.) was added, and 
after 1 hr. the 1,2,3,4,6-penta-O-acetylmyoinositol 5-(diphenyl phosphate) (X) (1-22 g., 70%), 
m. p. 166—167°, was filtered off. Recrystallisation from anhydrous ethanol raised the m. p. 
to 168° (Found: C, 53-9; H, 5-0. C,,H3,0,,P requires C, 54-0; H, 5-0%). 

The dipheny] ester (1-09 g.) was hydrogenated in anhydrous ethanol (25 ml.) in the presence 
of Adams platinum oxide catalyst (65 mg.): 8-3 mol. of hydrogen were taken up, mostly in 
the first hour. The solution was filtered and evaporated to give a colourless solid (0-81 g.,98%), 
m. p. 229° (decomp.). Crystallisation from ethanol (3 ml.) gave 1,2,3,4,6-penta-O-acetyl- 
myoinositol 5-(dihydrogen phosphate) as needles, m. p. 229° (Found: C, 39:7; H, 51. 
C,,H.30,,P,H,O requires C, 39-35; H, 5-1%). 

The penta-acetate (0-54 g.) was dissolved in hot methanol (20 ml.), and methanolic N-barium 
methoxide (4-5 ml.) was added, causing immediate precipitation. After 5 minutes’ heating 
on the steam bath, water (10 ml.) was added and the solution was concentrated in vacuo. The 
residue was redissolved in water (10 ml.), a solution of cyclohexylammonium sulphate (0-66 g.) in 
water (10 ml.) was added and, after a short period of heating to coagulate the barium sulphate, 
the solution was filtered and evaporated to drynessin vacuo. The residue was dissolved in water 
(2 ml.) containing a few drops of cyclohexylamine, and acetone (3 ml.) was added: on storage 
at 0° needles (0-39 g., 79%), m. p. 207—-209° (decomp.), were deposited. Recrystallisation 
from water (1:5 ml.) by addition of acetone (10 ml.) gave the myoinositol 5-(biscyclohexyl- 
ammonium phosphate), m. p. 209—211° (decomp.) (Found: C, 44-95; H, 8-6; N, 6-5. 
C,gH 9O,N.P,H,O requires C, 45-3; H, 8-7; N, 5-9%). 

(+)-Myoinositol 1,4-Bis(dihydrogen Phosphate) (X1).—1,2:4,5-Di-O-cyclohexylidenemyoino- 
sitol 1 (1-7 g.) was heated on the steam bath with diphenyl phosphorochloridate (2-0 ml.) and 
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anhydrous pyridine (6 ml.) until it dissolved. The mixture was then kept for 2 days, whereupon 
it set solid. After addition of ice and water, the mixture was filtered, and the solid product 
(3-5 g.) was dissolved in hot ethanol (300 ml.)._ The filtered solution was concentrated to 150 
ml. 2m vacuo and stored at 0°, whereupon it deposited 1,2:4,5-di-O-cyclohexylidenemyoinositol 
3,6-bis(diphenyl phosphate) (2-17 g., 54%), m. p. 181—182°. Recrystallisation from ethanol 
raised the m. p. to 183° (Found: C, 62-25; H, 5-65. C,.H,4,0,.P, requires C, 62-7; H, 5-75%). 

When only one equiv. of phosphorylating agent was used the bisphosphate was obtained 
in 34% yield but no monophosphate could be isolated. 

The bisphosphate (204 mg.) was hydrogenated in ethanol (50 ml.) in the presence of Adams 
catalyst (102 mg.) for 64 hr.; 18 mol. of hydrogen were taken up (which is the theoretical value 
if it is assumed that the liberated cyclohexanone was also reduced). After filtration, cyclo- 
hexylamine (0-5 ml.) was added and the solution was set aside at 0°, whereupon crystals (49 mg.) 
separated. Addition of acetone produced a second crop (88 mg., total yield 83%). Recrystal- 
lisation from water by addition of acetone to incipient turbidity gave needles of the triscyclo- 
hexylammonium salt of myoinositol 1,4-bis(dihydrogen phosphate), decomp. 186—197° (Found: 
C, 44-65; H, 8-65; N, 5-85, 6-1. C,,4H;,0,.N,P,,4H,O requires C, 44-6; H, 8-4; N, 6-5%). 

(+)-Myoinositol 1,6-Bis(dihydrogen Phosphate) (XII).—A mixture of 1,2:5,6-di-O-cyclo- 
hexylidenemyoinositol ! (340 mg.) and a 20% (v/v) solution of diphenyl phosphorochloridate in 
pyridine (3 ml.) was set aside for 18 hr. and then poured on ice. The resulting gum, which was 
washed with water (5 <x 20 ml.), did not crystallise. It was hydrogenated in ethanol (80 ml.) 
in the presence of Adams catalyst (0-2 g.) for 72 hr. at 20°; 496 ml. of hydrogen were taken up. 
Addition of cyclohexylamine and acetone to the filtered solution caused precipitation of a 
colourless solid (0-48 g.) which crystallised from water—acetone in needles, m. p. 196—197°. 
Paper chromatography and analysis showed that one cyclohexylidene group was still present; 
the compound is presumably the f¢riscyclohexylammonium salt of 1,2-O-cyclohexylidene- 
myoinositol 3,4-bis(dihydrogen phosphate) (Found: C, 47:2; H, 86; N, 56; P, 8-3. 
C39H,,0;2N3P2,3H,O requires C, 46-9; H, 8-4; N, 5-45; P, 8-05%). A solution of this com- 
pound (180 mg.) in water (4 ml.) was passed through a column of ZeoKarb 225 and then heated 
for 30 min. at 100°. Addition of cyclohexylamine and acetone gave crystals of the tricyclohexyl- 
ammonium salt of myoinositol 1,6-bis(dihydrogen phosphate) (115 mg.) which recrystallised from 
water—acetone and then melted with decomposition at 161—163° (Found: C, 42-9; H, 8-65; 
N, 6-4. C,4H;;0,.N3P.,2H,O requires C, 42-8; H, 8-45; N, 625%). 

It is noteworthy that under the conditions described above the cyclohexylidene groups can 
be removed without simultaneous phosphate migration. The product was chromatographically 
homogeneous. 

(+)-Myoinositol 4,5-Bis(dihydrogen Phosphate) (XIII) (with Mr. S. D. GEro).—A mixture 
of 1,2:3,4-di-O-cyclohexylidenemyoinositol! (350 mg.) and a 20% (v/v) solution of diphenyl 
phosphorochloridate in pyridine (3 ml.) was kept for 18 hr.,and then poured onice. The resulting 
gum can be crystallised from ethanol; it was not isolated, however, but was hydrogenated in 
ethanol with Adams catalyst (275 mg.) for 75 hr. at 20°: 315 ml. of hydrogen were taken up. 
The filtered solution was boiled for 30 min. and then evaporated; the residue was dissolved in 
water (4 ml.). Addition of cyclohexylamine (1 ml.) and then of acetone (80 ml.) gave crystals 
of the triscyclohexylammonium salt of myoinositol 4,5-bis(dihydrogen phosphate) (312 mg., 45%) 
which melted at 182—183° (with decomposition) after recrystallisation from water—acetone 
(Found: C, 42-8; H, 8-6; N, 6-2. C,,H;,0,,N,P2,2H,O requires C, 42-8; H, 8-45; N, 6-25%). 

Paper Chromatography of Phosphates—Descending chromatograms were run on 
Whatman No. 1 paper essentially by the method of Pizer and Ballou.!® Control of 
temperature is desirable because the solvent composition required for optimum separation 
depends on it; higher temperatures (30—40°) require a higher proportion of propan-2-ol. The 
slower-moving diphosphates are better separated by a solvent mixture containing less (50—60%) 
propan-2-ol. Separation requires 3—4 days. The monophosphates were applied as 2%, the 
diphosphates as 3% solutions of their cyclohexylammonium salts. Alkaline silver nitrate °° 
was used for detection of the spots; the sensitivity was increased, when necessary, by holding 
the paper over a steam bath for a short time after application of the ethanolic sodium hydroxide 
solution. Movement of the phosphates is given relative to that of myoinositol (Ry) in the 
following two examples: 

(i) Propan-2-ol-ammonia (d 0-88) (4: 1 v/v), 28°, 96 hr.; myoinositol was found 43-0 cm. 

2° Anet and Reynolds, Nature, 1954, 174, 930. 
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from the origin. Ry values: myoinositol l-phosphate, 0-26; 2-phosphate, 0-34; 4-phosphate, 
0-32; 5-phosphate, 0-29. 

(ii) Propan-2-ol-ammonia (6 : 4), 26°, 39 hr.; myoinositol was found 38 cm. from the origin. 
Ry values: myoinositol 1-phosphate, 0-68; 2-phosphate, 0-78; 4-phosphate, 0-73; 5-phosphate, 
0-71; 1,4-diphosphate, 0-38; 1,6-diphosphate, 0-46; 4,5-diphosphate, 0-56. 

Phosphate Migration—The monophosphates (3 mg.) were heated in N-hydrochloric acid 
(0-1 ml.) at 80°. Samples were removed at intervals and were chromatographed in propan- 
2-ol-ammonia (7: 3) at 16—22° for 14 days. Some of the results are shown in Fig. 1. The 
4-phosphate showed the presence of the 1- and the 5-isomer after 1 hr., and all isomers were 
discernible after 8-5 hr. 

When the 1,4-diphosphate was treated with refluxing 80% acetic acid for 1 hr., a new spot 
appeared at Ry 0-49 in addition to the original one at 0-41 (propan-2-ol-ammonia—water, 5: 4: 1, 
22°, 72 hr.). Since tvans-migration does not occur to any significant extent under these 
conditions, the new compound is presumably myoinositol 2,4-diphosphate. 

Hydrolysis of the Phosphoinositide from Peas.—The inositide (19 mg.) was heated under 
reflux with 2N-potassium hydroxide (1 ml.) for 1 hr.1° The cooled solution was treated with 
Zeo Karb 225, and the acid eluate was extracted with ether, made alkaline with cyclohexylamine, 
and evaporated to dryness. The residue was extracted with ethanol; on chromatography 
both the extract and the insoluble residue showed the presence of myoinositol and its 1- and 
2-phosphate. There was no detectable amount of 4- or 5-phosphate. 






The authors are grateful to Dr. R. L. Mann (Ely Lilly) and to Dr. J. B. Patrick (American 
Cyanamide) for gifts of 2-amino-2-deoxyneoinositol, to Dr. H. E. Carter for a sample of phos- 
phoinositide from peas, to Dr. C. E. Ballou for a sample of myoinositol 1-phosphate, to Dr. 
Laurens Anderson, Dr. F. D. Collins, and Dr. H. Eagle for carrying out the biological tests, 
to Mr. J. S. Murdoch and Mr. S. D. Gero for performing some of the experiments described in 
this paper, and to Dr. E. Challen for the microanalyses. Part of this work was carried out by 
one of us (S. J. A.) while on a Visiting Professorship at the University of California in Berkeley. 
We thank the Nuffield Foundation for a research grant. 
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806. The Réle of Surfaces in the Pyrolysis of n-Butane. 
By J. H. Purne.t and C. P. Quinn. 


The effects of a four-fold change of the surface: volume ratio (A/V) of 
the reaction vessel and of seven types of surface on the rate of pyrolysis of 
n-butane have been examined by gas-chromatographic product analysis. It 
has been found that, up to 9% conversion of n-butane, identical and 
reproducible rates are observed at all values of A/V and for clean, KCIl- 
coated, and etched Pyrex vessels. A magnesium perchlorate coating leads 
to a large initial acceleration of rate, probably due to decomposition of the 
perchlorate to oxide; when this is complete the rate is less than with the 
other types of surface. Conditioning by carbon reduces the reaction rate 
considerably and the effect is cumulative. 

It is concluded that in clean, KCl-coated, and etched vessels the reaction 
is homogeneous, but that in magnesium oxide or carbon-coated vessels 
heterogeneous termination processes may be important. 





THE mechanism of the pyrolysis of the lower paraffins has not yet been unequivocally 
established. In the first instance there is controversy as to the relative importance of 
molecular and free-radical processes,! although recent experimental evidence 3 favours 


1 Stubbs and Hinshelwood, Proc. Roy. Soc., 1950, A, 200, 458; Jach, Stubbs, and Hinshelwood, ibid., 
1954, A, 224, 283; McNesby and Gordon, J. Amer. Chem. Soc., 1957, 79, 4593; Bryce and Ruzicka, 
Canad. J]. Chem., 1960, 38, 835; Wojciechowski and Laidler, ibid., p. 1027. 

2 Wall and Moore, J]. Amer. Chem. Soc., 1951, 78, 2840; Rice and Varnerin, ibid., 1954, 76, 324; 
Kuppermann and Larson, J. Chem. Phys., 1960, 38, 1264; Purnell and Quinn, Nature, 1961, 189, 656. 
3 Voevodsky, Trans. Faraday Soc., 1959, 55, 65. 
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the view that the reactions are entirely free radical in character. Secondly, there is 
conflicting evidence concerning the effect on the rate of pyrolysis of the nature of the 
surface, and of the surface : volume ratio ® of the reaction vessel. It seems probable 
that some, at least, of the discrepancies discussed arise because the vessels used had been 
subjected to widely different surface treatments, while others may result from the almost 
exclusive use of the manometric technique supported only by occasional analysis, usually 
at high conversion. The conflict between the results of the various experimental studies 
of the réle of the surface is sufficient to cast doubt on any mechanism proposed for the 
pyrolysis of the lower paraffins. 

A detailed analytical study of the pyrolysis of n-butane has therefore been undertaken: 
the present work gives an account of an investigation of the effect of the nature and the 
extent of the surface of the reaction vessel on the rate of pyrolysis of n-butane at 527°. 


EXPERIMENTAL 


The reactant was prepared from a commercial sample of n-butane stated by the 
manufacturers to be of 99-5% purity. The gas was dried by passage over ‘“‘ Anhydrone ”’ and 
“molecular sieve 5A;’’ traces of air, found by Engel e¢ al.’ to accelerate the pyrolysis of hydro- 
carbons, were carefully removed by prolonged and frequent degassing of the reactant at — 107°. 
Gas chromatography of reactant purified in this manner indicated that the only impurity was 
isobutane, present to the extent of 0-05%. 

Pyrex reaction vessels were used; they were heated in an electric furnace to a temperature 
which was constant in time to 0-2° and in space to 1:8°. The vacuum and gas-handling equip- 
ment was of conventional design and construction. During the experiments, the inner surface 
of each reaction vessels was subjected to one or more of the following treatments. 
(a) A “‘ clean Pyrex ”’ surface was prepared by washing the new vessel with three portions of 
concentrated nitric acid at 60° and three portions of distilled water. (b) A ‘“‘ potassium 
chloride ’’ coating was deposited on the walls by rinsing with a 10% solution of “‘ AnalaR ”’ 
potassium chloride. The vessel was drained for 2 min. and dried at the pump on a water bath 
at about 60°. (c) A ‘‘ magnesium perchlorate ’’ coating was deposited on the surface of the 
vessel by rinsing it with a 10% solution of magnesium perchlorate [weighed as Mg(ClO,),,H,O]; 
the vessel was drained and dried as in (b). (d) An “‘ etched ’’ surface was produced by rinsing 
the vessel with 5% hydrofluoric acid, and then with 10% hydrofluoric acid, then washing 
it with distilled water, and drying it in the usual way. After this treatment etching lines were 
visible on the surface. (e) The reaction vessel was ‘‘ conditioned once ’”’ by pyrolysing in the 
“‘ etched ”’ vessel at 527° one charge of 70 mm. Hg of n-butane for 40 hr. After the condition- 
ing, the vessel was evacuated very thoroughly before use. (f) The reaction vessel was 
“conditioned twice’’ by the technique described in (e). (g) -The reaction vessel was 
““ conditioned three times ”’ by the technique described in (e). 

Before the start of each run the reaction vessel was evacuated to a pressure not greater than 
10° mm. Hg. For most runs the initial rates of product formation were measured by analysing 
the products of the reaction halted after a residence time of exactly one minute. Under the 
experimental conditions used, this residence time corresponds to the consumption of between 
1% and 1-5% of the reactant. Each run was halted by expanding the contents of the reaction 
vessel into an evacuated bulb from which samples were withdrawn by means of a rotary 
sampling valve, and injected into the gas-chromatographic analysis unit. The separation of 
the measured products of the reaction was achieved by the use of a chromatographic column 
(296 cm. long, 0-4 cm. internal diameter) packed with 120—140 mesh (A.S.T.M.) Sil-O-Cel 
firebrick impregnated with 17% by weight of squalane. Hydrogen was employed as carrier 
gas, and the composition of the effluent from the column was monitored by a hydrogen-flame 
ionisation detector. The column was maintained at 32° in a forced-circulation air thermostat. 
Each sample in the expansion bulb was analysed three times, the mean of the three analyses 
being reproducible within 2%. 

* Stepukhovich, Zhur. fiz. Khim., 1958, 32, 2571. 

5 Steacie and Puddington, Canad. J. Res., 1938, 16, B, 176. 

® Pease and Durgan, J]. Amer. Chem. Soc., 1930, 52, 1262; Ingold, Stubbs, and Hinshelwood, Proc. 
Roy. Soc., 1950, A, 208, 486; Laidler and Wojciechowski, ibid., 1961, A, 260, 91. 

7 Engel, Combe, Letort, and Niclause, Rev. Inst. franc. Pétrole, 1957, 12, 627. 
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RESULTS 
Preliminary Experiments.—A series of preliminary experiments indicated that, when not 


more than 7% of the reactant was allowed to decompose in any one run, the initial rates of 
reaction were reproducible to +3% in all reaction vessels except those treated with magnesium 
perchlorate. 

Methane, ethylene, ethane, and propene constituted not less than 97% of the hydrocarbon 
products during the initial stages of the reaction; these were therefore termed the 
major products. Hydrogen was produced in yields which were, in general, smaller than those 
of ethane, the least abundant of the major products. The distribution of the major products 
remained constant throughout the initial stages of any one reaction. 

Effect of the Extent of the Surface-—Three reaction vessels of widely different shapes were 
constructed from Pyrex glass; the vessels were so designed as to have approximately the same 
volume (50—60 ml.) but different surface : volume ratios, and were treated before use as in (a). 

The rates of formation of the major products in all three vessels at a single temperature 
(527° c) were determined for various initial pressures of n-butane in the range 10—30 mm. Hg. 
Because the vessels were of relatively small volume, it was not possible to determine accurately 
the initial rates of product formation; instead, average rates of product formation were 
determined for residence times of 600 sec. During several of these runs, as much as 9% of the 
reactant was allowed to decompose; nevertheless, reaction rates remained reproducible 
throughout the series of experiments. 

The results of the experiments are shown in Fig. 1; the rates of formation of propene lie 
close to those for methane, and are not shown. | Fig. 1 shows that, within experimental error, 
a four-fold change in the surface : volume ratio of the clean Pyrex vessel had no discernable 
effect on the average rates of product formation. 

Effect of the Nature of the Surface——In a study of this effect, rates of reaction under fixed 
conditions were compared in a single cylindtical vessel (270 ml.; area: volume, A/V = 
0-9 cm.) subjected successively to the treatments (a)—(g). 

The initial rates of product formation at 527° c were determined analytically for residence 
times of 60 sec. and for initial pressures of n-butane in the range 10—20 mm. Hg. 

In the result the proportions of the major products were unaffected by the nature of the 
treatment of the vessel but the overall rates were so determined. Fig. 2 shows a plot of the 
initial rate of methane formation, which is synonymous with reaction rate, against initial 
n-butane pressure for all seven “‘ surfaces.’’ It indicates that, within the limits of accuracy, for 
fixed experimental conditions, the reaction rate is identical for reactions carried out in ‘‘ clean 
Pyrex,” “‘ potassium chloride ” coated, and ‘‘ etched ”’ vessels. 

Conditioning of the reaction vessel as described in (e), (f), and (g) above resulted in the 
deposition of a thin layer of carbon on the walls, giving the vessel a ‘‘ smoked ”’ appearance. 
Other things being equal, the pyrolysis of n-butane was slower in a conditioned than in a “‘ clean 
Pyrex ’’ vessel; further, the effect of successive conditionings was cumulative. In a vessel 
conditioned three times, rates of reaction were 40—45% lower than those measured under 
comparable conditions for a ‘‘ clean Pyrex ”’ vessel. 

Action of the Magnesium Perchlorate Coating —The behaviour of the magnesium perchlorate 
coating was unusual. During the heating of the reaction furnace the freshly deposited coating 
decomposed, yielding a gas (chlorine and oxygen) which produced a pronounced “‘ tailing "’ of 
the mercury in the manometers. Sidgwick*® has recorded that magnesium perchlorate 
decomposes above 250°, forming a mixture of the oxide and chloride. 

The first reaction carried out in a vessel freshly coated with perchlorate was very rapid 
indeed, its rate being 10—20 times larger than for a ‘‘ clean Pyrex’”’ surface. Although the 
reaction was still very rapid when the vessel was evacuated to terminate the first run, 
all subsequent reactions took place at rates comparable with those measured for a ‘‘ clean 
Pyrex ’’ vessel. When a fresh coating of magnesium perchlorate was deposited on the walls of 
the vessel this pattern of rates was reproduced again, the first one, or occasionally two, runs 
being fast and all subsequent ones slow. It is the rate of the slow reaction which is plotted for 
the perchlorate-coated vessel in Fig. 2; these rates are slightly lower than the comparable ones 
for the ‘‘ clean Pyrex ”’ surface. 

Although it did not prove possible to estimate accurately the rates of the anomalous “‘ fast ”’ 


* Sidgwick, “‘ Chemical Elements and their Compounds,” Oxford, 1950, p. 240. 
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reactions, product analyses revealed that two components were present in the products which 
were not produced during the “ slow’ reactions or after any of the other surface treatments. 
Each of these substances constituted about 1% of the total amount of product; one 
was identified as propane, the other, although not yet positively identified, appears to be allene. 
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Fic. 1. The effect of initial pressure on the average rates of product formation from 
the pyrolysis of n-butane at_ 527° in three different clean Pyrex reaction vessels. 
O, A/V = 4:4 cm.1; @, 4/V = 1:2 cm.1; @, A/V = 3-7 cm... Ap/At were 
measured for the first 600 sec. A, CH,; B, C,H,; C, C,H. 
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Fic. 2. The effect of initial butane pressure on the initial rate of methane formation 
at 527° for seven different treatments of the surface of a Pyrex reaction vessel. 

O Potassium chloride. Conditioned once. 

@ Clean Pyrex. A Conditioned twice. 

C] Etched. A Conditioned three times. 

@ “Slow ”’ magnesium perchlorate. 


The chromatographic peak tentatively identified as allene has previously been observed by us 
in the products of the pyrolysis of n-butane mixed with small quantities of air. 

Since the initial activity associated with the perchlorate-treated vessel disappeared during 
the evacuation rather than during the reaction, it seems likely that the enhanced activity was 
associated with a homogeneous process. The similarity of the products of the “‘ fast ’”’ reaction 
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and of that in the presence of traces of air suggests that during the “‘ fast ’’ reaction found in 
the present studies, and described by Voevodsky,*® small quantities of oxygen were released 
from the “ perchlorate ’’ coating and enhanced the rate of pyrolysis by some homogeneous 
process of the type discussed by Engel e¢ al.’ 


DISCUSSION 


The reproducibility of reaction rates found here for unconditioned vessels shows a 
satisfying agreement with the reproducibility found by Voevodsky? for clean quartz 
vessels. 

The probable explanation of the irreproducibility reported by Steacie and Puddington > 
is to be found in Fig. 2. These workers carried their reactions to high conversions, and in 
the earlier runs in a new vessel were almost certainly conditioning the wall by the 
deposition of carbon. During the conditioning, progressive reductions in reaction rate 
would be expected, until the wall of the vessel was completely covered with a fine layer 
of carbon, whereafter further deposition would not affect the rate of the reaction. 

The absence of marked effects due to surface : volume ratio with the “ clean Pyrex ”’ 
vessels used in this work, and the finding of identical rates in ‘clean Pyrex,”’ 
“ KCl-coated,”” and “‘ etched” vessels, are entirely compatible with a free-radical chain 
mechanism initiated and terminated homogeneously. The possibility of entirely hetero- 
geneous initiation and termination cannot on this evidence be entirely eliminated, but it 
must be deemed very unlikely that three surface treatments so markedly different in 
character would not show any difference in their effect on heterogeneous initiation and 
termination processes. We therefore conclude that pyrolysis of n-butane in “ clean,” 
““ KCl-coated ”’ and “‘ etched ” Pyrex vessels, is most probably entirely homogeneous. 

The fast initial rates obtained with vessels freshly treated with magnesium perchlorate 
appear to be due to a slow evolution of oxygen, which accelerates the reaction by 
processes such as those outlined by Engel e¢ al.?- Voevodsky’s results,? obtained in these 
conditions, probably have little bearing, therefore, on the mechanism of pyrolysis of 
paraffins. 

The surface remaining when oxygen evolution from the perchlorate is complete is 
likely to consist, at least in part, of magnesium oxide, which has been shown to be 
particularly effective for the removal of hydrogen atoms. These are generally believed 
to be involved in the uninhibited pyrolysis of the lower paraffins, and so the depression of 
the rate which occurs when a “‘ clean Pyrex ”’ surface is replaced with a “‘ slow ”’ magnesium 
perchlorate surface may well result from the introduction of a heterogeneous mode of 
termination of the free-radical chains. 

The experimental work described here points also to the occurrence of heterogeneous 
chain-termination at the surface of carbon-conditioned vessels. This consideration leads 
us to the view that studies of the pyrolysis are best carried out at low conversions in clean 
reaction vessels, since only in these conditions may the reaction be said to be completely 
homogeneous in character. A detailed account of the pyrolysis of n-butane in such 
conditions is in preparation. . 


The authors thank the D.S.I.R. for the award of a maintenance grant (to C. P. Q.) and the 
Royal Society for a grant in aid of apparatus. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
THE UNIVERSITY, CAMBRIDGE. (Received, April 17th, 1961.] 


® Warren, Trans. Faraday Soc., 1957, 58, 199. 
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807. Dihydrochalcones of Malus Species. 
By A. H. WILLIAMs. 


Two new dihydrochalcone glucosides have been isolated from the leaf 
of certain species of Malus. One, from M. trilobata, is a glucoside of phloretin 
and is isomeric with phloridzin; the other, from M. sieboldii, is a glucoside 
of 3-hydroxyphloretin, an aglycone not previously known to occur naturally. 
Various chromone derivatives have been prepared from these compounds. 


TueE dihydrochalcone glucoside phloridzin (I) was reported by de Koninck ™ to occur in 
the bark of apple, pear, cherry, and plum trees. He later ” described its isolation from 
root bark of the apple tree, which is still the richest source known. No confirmation of 
its presence in pear, cherry, and plum was published and it is now recognised 2 that the 
apple is the only one of the fruit trees in which phloridzin occurs, although the original 
erroneous report still persists in some modern text-books. 

Phloridzin is the main phenolic compound in the leaf and bark of all varieties of culti- 
vated apple (M. pumila), but in a survey of the leaf of other apple species by paper 
chromatography it has been found to be wholly or partly replaced in certain species by 
two other compounds. One of these (II) occurs only in M. ¢rilobata, from the leaf of 
which normal phloridzin is entirely absent. The other * compound (III) occurs in four 
of the twenty-five Malus species listed by Rehder,5 comprising series 3, Sieboldiane, 
(Rehd.), and in all hybrids of these four species that have been examined. The species 
concerned are from East Asia and Japan. 

Both these compounds are easily isolated from alcoholic extracts of the appropriate 
leaf. Since they occur in place of phloridzin, it seemed likely that they might be dihydro- 
chalcones. Hydrolysis ~ :.n dilute acid or emulsin gave in each case glucose and another 
compound. 


OH 
wp Ga CHK oH au cH{ oH 
! 
c-CH2 c-H, 
OR § OH & 
(I) R = B-p-glucosyl, R’ = H (III) R = B-p-glucosy| 
(II) R= H, R’ = B-D-glucosy! (VII R=H 


(IV) R=R’=H 


fe) , fe) ; 
R'O ) Me R'O ) Me OR" 
cls {" or" CH, <_ Por" 


OR oO OR oO 
(V) R= R”= Ac, (IX) R= R’ = R” = Ac 
R’ = tetra-O-acety|-B-D-glucosy] (X) R = R” = Ac, 
(VI) R=R’=R” =H R’ = tetra-O-acetyl-B-D-glucosy! 
(VII) R = tetra-O-acetyl-B-D-glucosyl, (XI R= R’=R” = 
R’ = R” = Ac 


The aglycone from the M. trilobata compound (II) was recognised as phloretin (IV) by 
its chromatographic behaviour, and its identity confirmed by comparison with authentic 
phloretin and comparison of acetylation products. Quantitative hydrolysis showed one 
molecule of phloretin to be combined with one molecule of glucose; the glucoside can 
therefore differ from phloridzin only in the point of linkage of the glucose to phloretin. 

1 de Koninck, Annalen, 1835, 15, (a) 75, (b) 258. 

2 Williams, in ‘“‘ Phenolics in Plants in Health and Disease,”” Pergamon Press, Oxford, 1960, p. 3. 

3 Williams, Chem. and Ind., 1960, 934. 

4 Williams, Chem. and Ind., 1956, 1306. 


> Rehder, ‘‘ Manual of Cultivated Trees and Shrubs,’’ The Macmillan Co., New York, 2nd ed., 1954, 
p. 389. 
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Examination of the products of alkali breakdown of the glucoside (II) showed the presence 
of a compound chromatographically indistinguishable from phlorin; the glucose must 
therefore be attached to the phloroglucinol ring, and since phloridzin is the 2’-glucoside, 
the new compound must be the 4’-glucoside. This has been confirmed by methylation 
of the glucoside, followed by acid hydrolysis, which yielded the 4,2’,6’-trimethyl ether of 
phloretin, identical with a synthetic sample. 

A compound of apparently the same structure as the M. trilobatz glucoside (II) was 
synthesised by Zemplén and Bognar,® but its melting point and rotation are higher than 
those found for the compound (II), and unlike the latter it failed to give a crystalline 
acetylation product. Unfortunately a direct comparison has not been possible. Jorio? 
has prepared a glucoside, by partial hydrolysis of dihydronaringin, which is chromato- 
graphically indistinguishable from our product (II); but on repeating the synthesis of 
Bognar and Zemplén she obtained a substance differing widely in chromatographic 
behaviour. 

Attempts to prepare an acetyl derivative of the glucoside (II) with acetic anhydride 
and sodium acetate at 100° gave only gums; the hepta-acetate was, however, obtained 
crystalline by the use of acetic anhydride and pyridine at room temperature. Heating 
the glucoside with acetic anhydride and sodium acetate under reflux gave a crystalline 
compound, different from the hepta-acetate, and identified as 5-acetoxy-3-4’-acetoxy- 
benzyl-2-methyl-7-(tetra-O-acetyl-8-D-glucosyloxy)chromone (V), since on deacetylation 
and hydrolysis with acid it gave the already known 5,7-dihydroxy-3-4’-hydroxybenzyl-2- 
methylchromone (VI) which can be prepared from phloretin. Phloridzin gave at 160° 
with acetic anhydride and sodium acetate a crystalline derivative which must be 7-acetoxy- 
3-4'-acetoxybenzyl-2-methyl-5-(tetra-O-acetyl-8-D-glucosyloxy)chromone (VII), since it 
too gave the hydroxychromone (VI) on deacetylation and hydrolysis. The formation 
of the hydroxychromone (VI) by these three routes is a further confirmation of the inter- 
relationships of phloretin and its glucosides. 

The glucoside (III) from M. steboldii, and its aglycone (VIII) were judged by their 
chromatographic behaviour to have probably one more phenolic hydroxyl group than 
phloridzin and phloretin. From the alkaline decomposition of the aglycone (VIII) 
8-(3,4-dihydroxyphenyl)propionic acid was isolated, and phloroglucinol identified 
chromatographically. Methylation of the aglycone gave 2’-hydroxy-3,4,4’ ,6’-tetramethoxy- 
dihydrochalcone, identified by comparison with an authentic specimen; the aglycone 
(VIII) is therefore 3-hydroxyphloretin (3,4,2’,4’,6’-pentahydroxydihydrochalcone), and 
was found to be combined with one molecule of glucose in the natural product (III). 
Methylation of the latter, followed by acid hydrolysis, gave 4’-hydroxy-3,4,2’,6’-tetra- 
methoxydihydrochalcone, identified by comparison with a synthetic sample. The glucose 
molecule must therefore be attached at the 4’-position as in (II), and the compound is 
3-hydroxyphloretin 4’-glucoside. Zemplén, Bognar, and Szegé ® synthesised a compound 
which should be the same as (III), but it appears to differ in melting point and some other 
properties. No direct comparison has been possible. 

It is a curious fact that the aglycones phloretin (IV) and 3-hydroxyphloretin (VIII) 
both retain a free 2’-hydroxyl on methylation; whereas the free phenolic hydroxyl groups 
of the corresponding glucosides (II and III) are methylated completely under similar 
conditions. Phloridzin too is known to undergo complete methylation of its free phenolic 
hydroxyls, and hence on subsequent acid hydrolysis it gives the same phloretin trimethyl 
ether as is obtained by the methylation of that aglycone.%1 

Acetylation of 3-hydroxyphloretin (VIII) with acetic anhydride and pyridine gave the 


®° Zemplén and Bognar, Ber., 1942, 75, 645. 

7 Jorio, Ann. Chim. (Italy), 1959, 49, 1929. 

* Zemplén, Bognar, and Szegé, Ber., 1943, 76, 1112. 
® Wessely and Sturm, Monatsh., 1929, 58/54, 554. 

10 Johnson and Robertson, J., 1930, 21. 
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penta-acetate, but heating with acetic anhydride and sodium acetate under reflux gave 
another compound, which by analogy with phloretin must be 5,7-diacetoxy-3-(3,4-di- 
acetoxybenzyl)-2-methylchromone (IX). The glucoside (III) gave by the pyridine 
method an octa-acetate, and by the sodium acetate method 5-acetoxy-3-(3,4-diacetoxy- 
benzyl)-2-methyl-7-(tetra-O-acetyl-8-p-glucosyloxy)chromone (X). Acid hydrolysis of 
both (IX) and (X) gave 5,7-dihydroxy-3-(3,4-dihydroxybenzyl)-2-methylchromone (XI). 


EXPERIMENTAL 


Paper chromatograms of phenolic substances were run with butan-2-ol-acetic acid— 
water (69: 2:29) and acetic acid—water (1:49), and the spots revealed by p-nitrobenzene- 
diazonium fluoroborate according to Freeman’s method.!! Alcoholic aluminium chloride 
shows many of the dihydrochalcone derivatives as fluorescent spots in ultraviolet light. Those 
with two free hydroxyls ortho to the carbonyl group show a yellowish-green and those with one 
free o-hydroxyl a bluish-green fluorescence. 

Extraction of the Leaf.—Fresh leaf of the appropriate species was boiled in ethanol (1:3 
w/v) for a few minutes, and the mixture then cooled and homogenised. After 24 hr. the whole 
was filtered, and the solid residue extracted twice more with ethanol. The combined extracts 
were evaporated under reduced pressure to about one-tenth of their volume and any solid 
filtered off from the now aqueous concentrate, which was twice extracted with light petroleum 
to remove fat and chlorophyll. 

Isolation of Phloretin 4’-Glucoside (II1).—The aqueous concentrate from the leaf of M. 
trilobata was extracted three times with ethyl acetate; removal of the solvent in a vacuum left 
a brown solid which after several crystallisations from 40% methanol (1: 10 w/v) gave very 
pale yellow crystals (0-5—1% of wt. of fresh leaves), collapsing to a pale cream powder when 
dried over P,O,, of glucoside, m. p. 166°, [«],,2° —70° (2% in EtOH) (Found: C, 57-6; H, 5-6. 
C,,H,,0,)9 requires C, 57-8; H, 5-5%). Zemplén and Bognar® record for their compound 
m. p. 170—173°, [a],,* —99-5° (in EtOH). A specimen prepared by Jorio’ by their method had 
m. p. 162—169° and mixed m. p. with (II) 157—-162°; the compounds do not seem to be identical. 

Hydrolysis of Phloretin 4’-Glucoside (I1).—Dilute hydrochloric acid, or emulsin, under the 
usual conditions gave equimolecular proportions of glucose and phloretin in almost theoretical 
yields. The sugar was identified by chromatography in three solvents and its identity con- 
firmed by conversion into the 8-penta-acetate, m. p. 132°. The aglycone was identified as 
phloretin, m. p. and mixed m. p. 264°, which with acetic anhydride and pyridine at room 
temperature for 2 hr. gave the tetra-acetate, m. p. and mixed m. p. 94—95° (from ethanol), 
and with acetic anhydride and sodium acetate under the conditions described by King and 
Robertson ? gave 5,7-diacetoxy-3-4’-acetoxybenzyl-2-methylchromone, m. p. and mixed m. p. 
173°. 7 

Methylation of Phloretin 4’-Glucoside (I1).—Treatment with dimethyl sulphate in the presence 
of acetone and potassium carbonate, in the conditions of Hergert, Coad, and Logan,™ gave a 
gum, which was hydrolysed by 1% hydrochloric acid in hot 50% aqueous methanol to phloretin 
4,2’,6’-trimethyl ether (yield ca. 10%), m. p. 144° after repeated crystallisation from aqueous 
ethanol. Its m. p. was undepressed when mixed with an authentic sample, m. p. 144°, prepared, 
not by the method of Johnson and Robertson ?° (they give 142°), but through the corresponding 
4’-hydroxy-4,2’,6’-trimethoxychalcone (m. p. 196°) obtained from 4-hydroxy-2,6-dimethoxy- 
acetophenone by an adaption of the method of King and Robertson.™ 

Acetylation of Phloretin 4’-Glucoside (I1).—(a) Acetic anhydride and pyridine gave the 
hepta-acetate (70%), m. p. 137° (from ethanol) (Found: C, 57-9; H, §-1. C3;H ,0,, requires 
C, 57-6; H, 5-2%). (6) The glucoside (1 g.) was heated under reflux for 4 hr. with acetic 
anhydride (5 ml.) and anhydrous sodium acetate (0-5 g.)._ After separation in the usual manner 
5-acetoxy-3-4'-acetoxybenzyl-2-methyl-7-(tetra-O-acetyl-B-p-glucosyloxy)chromone (V) was obtained 
(55%), having m. p. 210° after several crystallisations from ethanol (Found: C, 59-1; H, 5-1. 
C35H3,0,, requires C, 59-0; H, 5-1%). Deacetylation and hydrolysis under reflux with 50% 


11 Freeman, Analyt. Chem., 1952, 24, 955. 

12 King and Robertson, J., 1934, 403. 

13 Hergert, Coad, and Logan, J. Org. Chem., 1956, 21, 304. 
14 King and Robertson, J., 1931, 1704. 
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aqueous methanol containing about 3% of hydrogen chloride gave 5,7-dihydroxy-3-4’-hydroxy- 
benzyl-2-methylchromone (VI) (60%), m. p. 216° (from 50% methanol—water), undepressed 
when mixed with an authentic sample, m. p. 217°, from phloretin.!* 

Acetylation of Phloridzin.—The conditions described above for the acetylation of phloretin 
4’-glucoside with acetic anhydride and sodium acetate gave only a very small yield of crystals. 
At 160° (sealed tube) a much better yield (25%) was obtained; crystallisation from ethanol gave 
7-acetoxy-3-4'-acetoxybenzyl-2-methyl-5-(tetra-O-acetyl-B-p-glucosyloxy)chromone (VII), m. p. 214° 
(softens at 203°) (Found: C, 58-8; H, 5-1. C3,H,,0,, requires C, 59-0; H, 5-1%). Deacetyl- 
ation and hydrolysis gave the hydroxychromone (VI), m. p. 217°. 

Isolation of 3-Hydroxyphloretin 4’-Glucoside (I11).—To the aqueous concentrate from leaf 
of M. sieboldii arborescens, about one-tenth of its volume of saturated salt solution was added, 
and the small dark precipitate discarded. The clear solution was nearly saturated with salt, 
and left overnight in the refrigerator. The precipitate of crude glucoside was filtered off, dried 
thoroughly, and crystallised several times from ethanol (1:10, w/v). The pale cream 3-hydroxy- 
phloretin 4’-glucoside (yield 1%, on fresh leaf) retained one molecule of water even when dried 
in vacuum at 100°. It melted, with browning, over the range 125—140°, [a],,2° —58° (2% in 
EtOH) (Found: C, 53-6; H, 5-6. C,,H,,0,,,H,O requires C, 53-6; H, 55%). Zemplén, 
Bognar, and Szegé ® record their compound as crystallising with three molecules of water, 
completely removed in a vacuum at 100°; the anhydrous compound softened at 155° and 
melted completely at 221°. Their acetyl derivative was amorphous. No analysis was given 
for the glucoside or its acetate. 

Hydrolysis of 3-Hydroxyphloretin 4’-Glucoside (1I1).—Dilute hydrochloric acid, or emulsin, 
gave equimolecular proportions of glucose (identified as the B-penta-acetate) and 3-hydroxy- 
phloretin, in almost theoretical yields. This compound, too, retained a molecule of water 
after vacuum-drying at 100°, and melted at 232° (Found: C, 58-4; H, 5-2. C,;H,,0O,,H,O 
requires C, 58-4; H, 5-2%). From the products of alkaline decomposition, §-(3,4-dihydroxy- 
phenyl)propionic acid was isolated, having m. p. and mixed m. p. 138°. The structure of the 
aglycone was confirmed by methylation with dimethyl sulphate in the presence of potassium 
carbonate and acetone, which gave 2’-hydroxy-3,4,4’,6’-tetramethoxydihydrochalcone, m. p. 
125°, identical with a sample kindly supplied by Professor A. Robertson." 

Zemplén, Bognar, and Szegé ®§ record m. p. 224° for their specimen of 3-hydroxyphloretin ; 
no other details are given, and a direct comparison has not been possible. 

Acetylation of 3-Hydroxyphloretin.—(a) Acetic anhydride and pyridine gave the penta- 
acetate (65%), m. p. 78—79° (from ethanol) (Found: C, 60-2; H, 5-0. C,;H,,O,, requires 
C, 60-0; H, 48%). (b) Acetic anhydride and sodium acetate, under the conditions used for 
phloretin 4’-glucoside, gave 5,7-diacetoxy-3-(3,4-diacetoxybenzyl)-2-methylchromone (IX) (35%), 
m. p. 155° after several crystallisations from ethanol (Found: C, 62-5; H, 4:8. C,;H,.,Oj9 
requires C, 62-4; H, 46%). Deacetylation gave 5,7-dihydroxy-3-(3,4-dihydroxybenzyl)-2- 
methylchromone (XI) (77%), m. p. 226° (from aqueous methanol) (Found: C, 64-6; H, 4-7. 
C,,H,,O, requires C, 65-0; H, 4-5%). 

Methylation and Hydrolysis of 3-Hydroxyphloretin 4’-Glucoside.—The method previously 
described gave 4’-hydroxy-3,4,2’,6’-tetramethoxydihydrochalcone (25%), m. p. 107° after 
repeated crystallisation from aqueous methanol and undepressed by an authentic sample 
prepared by the method of King and Robertson ™ through the corresponding chalcone. 

Acetylation of 3-Hydroxyphloretin 4’-Glucoside.—(a) Acetic anhydride and pyridine gave the 
octa-acetate (60%), m. p. 152° (from ethanol) (Found: C, 56-6; H, 5-1. C3,H4y Oj) requires 
C, 56-4; H, 5:1%). (b) Acetic anhydride and sodium acetate (conditions as for phloretin 
4’-glucoside) gave 5-acetoxy-3-(3,4-diacetoxybenzyl)-2-methyl-7-(tetra-O-acetyl-B-D-glucosyloxy)- 
chromone (X) (55%), m. p. 228° (from ethanol) (Found: C, 57-7; H, 5-0. C3,H,,0,, requires 
C, 57-7; H, 4.9%), which by deacetylation and hydrolysis gave the hydroxychromone (XI) 
already obtained from 3-hydroxyphloretin. 


The author thanks Professor A. Robertson for a specimen of 2’-hydroxy-3,4,4’,6’-tetra- 
methoxydihydrochalcone, and the Director of the Royal Botanic Gardens, Kew, for providing 
leaf of Malus trilobata. 


DEPARTMENT OF AGRICULTURE AND HORTICULTURE, UNIVERSITY OF BRISTOL, 
RESEARCH STATION, LONG ASHTON, BRISTOL. (Received, April 26th, 1961.] 
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808. The Réle of Supports in Catalytic Hydrogenation. Part I. 
Activation Effects of Various Oxide Carriers on Palladium. 


By E. B. Maxtep and S. I. ALI. 


Zirconia, thoria, alumina, and titania have been found to have a con- 
siderable activating effect when used as supports for palladium in the liquid- 
phase hydrogenation of cyclohexene in alcohol at 20°c. The activity of 
the supported catalyst, containing a constant amount of palladium, first 
rises to a peak value and subsequently falls as the amount of the support 
is further increased. This increase, with zirconia and thoria, amounts at 
the peak point to about 24 times the unsupported value, and with alumina 
and titania to about 22 times this figure. It was also noticed that, when 
different specimens of the same support were used, there was a marked 
difference both in the activities of the catalysts and in the location of the 
peaks in the graphs: further, in addition to the effect of the chemical nature 
of the support, the activity is also influenced by the surface area, by pore 
volume, and by other factors. 


In earlier work Maxted and Akhtar ' have investigated the specific effects of various oxide 
supports on platinum, with special reference to differences in the activating effect of 
different oxides. In this part of the work a constant amount of metallic palladium was 
deposited, by reduction of the chloride with formaldehyde, on gradually increased amounts 
of various metallic oxides. The hydrogenation curves obtained, in addition to showing 
well-defined maxima in each case, showed that the activating effect, at the peak points of 
the oxides tested, decreases in the order: ThO, = ZrO,' > Al,0,' > TiO, > Cr.0, > 
Al,O,4% > MgO > ZrO,"' > V,O, (the index numbers on zirconia and alumina refer to 
different specimens of these oxides). 


EXPERIMENTAL 


The various supports used were of high purity and were used as purchased. 

Preparation of Supported Palladium.—A known weight of each finely divided support was 
suspended in 50 c.c. of water, and a known amount of 1% palladium chloride solution was 
added. The mixture was shaken and set aside for 15 min., after which it was heated to its 
b. p. and formaldehyde (20 c.c.) and Nn/20-sodium carbonate solution (15 c.c.) were added. 
Reduction of the palladium chloride to palladium took place immediately, but the mixture 
was allowed to boil for 15 min. After this reduction, the mixture was cooled, centrifuged, 
washed with distilled water, and dried in an oven at 50°. 

The activity of the supported catalysts was tested at 20° c and at atmospheric pressure, for 
the hydrogenation of cyclohexene (1 c.c.) in alcohol (9 c.c.), in a mechanically driven hydro- 
genation shaker operating under standard conditions, the volume of hydrogen absorbed in the 
first 4 min. being taken as a measure of the activity of the catalyst. 

The small amount of hydrogen occluded by palladium alone in the presence of 9 c.c. of 
alcohol at 20° was also measured, by the same procedure as in the hydrogenation. It was 
found that 6 mg. of unsupported palladium occluded 0-2 c.c. of hydrogen in 4 min., and that 
supported palladium (the amount of the supports corresponding to the peak activity as in 
Fig. 1) occluded in each case 1-4.c.c.in 4 min. Any correction for occlusion was, however, not 
made in the figures, since the amount occluded was the same for all the supported catalysts 
and this amount is very small compared with the total volume of hydrogen absorbed in the 
hydrogenation of the cyclohexene. 


RESULTS AND DIscussION 
The results of a series of tests, involving the hydrogenation of cyclohexene and various 
supports, are summarised in Fig. 1, from which it will be seen that the activity of the 
various supported catalysts first increases to a well-defined maximum and subsequently 
1 Maxted and Akhtar, J., 1960, 1995. 
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falls, the location of the peak being influenced by the nature of the support; further, these 
peak activities occur at different catalyst-to-support ratios for each support. A second 
coarse-grained sample of zirconia and alumina, of different origins, marked ZrO," and 
Al,O,", was also tested. These supports gave curves differing in the location of their 
peaks from those given by ZrO,! and Al,O,'. Fig. 1 also shows that the initial rise and 
subsequent fall in the activity, with all the catalysts tested, does not take place at the 
same rate, this being probably due to the specific effect of each of the individual supports 
and to differences in the pore and particle sizes, which determine the distribution of the 
catalyst on the support. In the case of very finely divided powders, such as alumina!, 


Fic. 1. Plots showing optimum proportions of support 
(palladium = 0-006 g. throughout). 
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titania, and chromium sesquioxide, the fall in the activity, after the peak point has been 
reached, is very slow; and it seems probable that the particles of the support, in such 
cases, may have shared a single palladium particle, and that this may be the cause of the 
subsequent slow fall in the activity. 

A second series of measurements was made with chromium sesquioxide, the amount 
of this support being kept constant at 0-5 g., and the total amount of the palladium being 
progressively increased. These results (Fig. 2) show that the activity of the catalyst first 
rises to a maximum value and then slowly falls. Under these conditions this subsequent 
fall in the activity is probably due to the overcrowding of the palladium particles on the 
surface of the support and especially on the covering of the active centres which are 
responsible for the activity. 

In order to obtain some explanation of the increase in the activity of supported 
palladium, the surface areas of the various oxides used as supports were determined by 
the B.E.T. method,” by the adsorption of nitrogen at —183°. These are given in Table 1. 
The total pore volumes ® of each oxide were also calculated, from the difference in the 
reciprocals of the bulk and the helium densities, the latter being derived during the B.E.T. 
measurements. The bulk density was measured by tapping the oxide powders in a 
graduated cylinder until a constant minimum volume was obtained, the mass of unit 
volume being taken as the bulk density. 

It will be seen from Table 1 that there is, in general, no direct relationship between 
the gross surface area, the pore volume of the support, and the activity of the catalyst. 


* Brunauer, “ Physical Adsorption of Gases and Vapours,’’ Oxford University Press, 1944. 
3’ Anderson, McCartney, Hall, and Hofer, Ind. Eng. Chem., 1947, 39, 1618. 
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The amount of the support required for the accommodation of 6 mg. of palladium at 
the peak ratio is far more than would be required even for a monolayer of palladium, 
although it is known that the catalyst does not occur on the surface of the support as a 


TABLE 1. 
Surface area 

Amount of support of support Wt. (g.) 

Total pore corresponding to Surface area corresponding to reqd. for 

volume peak activity of support peak activity monolayer 
Support (c.c. per g.) (g-) (sq. m. per g.) (sq. m.) of Pd * 
MI scsexesnevernss 0-285 2-5 11-9 29-6 0-2532 
WHE Sobinsiessennss 0-279 2-5 20-9 52-3 0-1442 
BUF ccccvcessese 0-186 0-6 160-6 96-4 0-0187 
WS Macgrepenthices 0-639 1-0 95-5 95-5 0-0315 
SR ahadkbncenscnscs 0-364 0-4 45-6 18-3 0-0661 
a 0-513 5-0 16-6 83-0 0-1815 
gill ore 0-168 5-0 5-1 25-5 0-5900 
. 2 are 0-608 1-0 24-2 24-2 0-1245 
WE Seisdeeniduisnas 0-490 3-5 4-6 16-1 0-655, 

* Calc. surface area for a monolayer of Pd = 3-014 m.?. 


monolayer. It can be calculated that, if the palladium is deposited as a monolayer, the 
amount of the various supports required would be as also given in Table 1. It is obvious 
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Amount of poison (O° mole) 


that other factors are involved in the distribution of the same amount of catalyst on various 
supports. 

An attempt was made to determine the relative surface areas of the supported and of 
the unsupported catalysts. The method used involved poisoning, as had been employed 
by Maxted, Moon, and Overgage.* Dipentyl sulphide was used asa standard poison in 
all this series of measurements, it being presumed that preferential adsorption takes place 
on the palladium and not on the support. 

The relationship used was k, = k,(1 — «c), in which k, is the poisoned activity, kp 
the original activity, « the poisoning coefficient, and c the concentration of poison. If 
the surface area of one of the catalysts is known, that of other catalysts can be derived 
from the relation «,/a . = s,/s,, in which s, and sy are the surface areas. The surface area 
of powdered metallic palladium was determined by the B.E.T. method, by the adsorption 

4 Maxted, Moon, and Overgage, Discuss. Faraday Soc., 1950, 8, 135. 
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of nitrogen at —183°. The surface areas of other catalysts relative to that of metallic 
palladium were calculated by finding the value of « in each case. 

The shape of the curves is given in Fig. 3. Here the linear (or almost linear) portion 
obtained was produced to cut the horizontal axis, which shows the concentration of the 
poison at which the value of kk = 0. From this, 1 = ac. By inserting the value of « 
in each case, the relative surface areas of some supported catalysts (compared with that 
of metallic palladium) have been calculated: they are contained in Table 2. 


TABLE 


determined by the B.E.T. method = 33-7 m.*/g. Amount of palladium on each 
support = 6 mg.) 


Palladium ( 
Zirconia I (2-5 
Zirconia I ( 
Thoria (2: 


Alumina I (( 


Surface area Ry 
Catalyst 10°®c 10% (m.?) (c.c./min.) 
ere 3-5 0-290 0-842 12-0 
PEE sep csenescsncdersurdecnennense 5:7 0-175 1-400 53-0 
2-5 g.) (3 mg. Pd) .......c0c000 2-4 0-417 0-58 21-0 
EES cidebccspcericiesadcracecisaeenes 5-2 0-192 1-29 53-0 
EIN UETEEED Srtocienvasnisicdinenopaincacinse 4-6 0-22 1-10 46-0 
DRG sacicnntetsbbasccbioonbetesass 4-75 0-21 1-16 51-0 
I 4-00 0-25 0-974 41-0 
TED ndvacndsucseicsssnnatenouse 4-1 0-244 1-000 21-0 


It was found that if one-half (3 mg.) of the normal amount of palladium was used the 
calculated surface area was not one-half, this being also the case for the activity; and it 
seems probable that the excess of the support covers the surface of the palladium. 

From these results it will be seen that the difference in surface areas of the catalysts 
on different supports is not as great as is the difference in the activity: further, in the case 
of alumina II and zirconia II, the difference in the activity is much greater, although the 
surface areas are almost the same. This shows that other factors are responsible for the 
increase in the activity. It is probable that the main centres of activity are not only on 
the catalyst proper, but also on the interfaces or points of contact between the catalyst 
and the support, and that these interfaces between different supports and the catalyst 
have different activities, dependent on the nature of the support. 


One of us (S. I. A.) acknowledges with thanks the grant of a Research Scholarship under 
the Colombo Plan. 


DEPARTMENT OF PHYSICAL AND INORGANIC CHEMISTRY, 


A REVIEW ! of the physical properties of trialkyl borates, B(OR) 3, included the facts that 
Raman and infrared spectra indicate C3, symmetry, and that electron diffraction measure- 
ments show the BO, nucleus to be planar, as it appears, from Cowley’s X-ray study,? 


1 Lappert, Chem. Rev., 1956, 56, 959. 
2 Cowley, Acta Cryst., 1953, 6, 522. 
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Molecular Polarisability: Molar Kerr Constants, Apparent Dipole 
Moments, and Conformations of T'rialkyl Borates as Solutes. 


By M. Aroney, R. J. W. LE Févre, and P. M. LENTHEN. 


Twelve trialkyl borates as solutes in,carbon tetrachloride show properties 
consistent with conformations in which the BO, unit is a triangular plane 
with the O-C bonds so rotated that each is at ca. 74° to a direction normal to 
this plane. During step-wise ascent cf the series B(OC,H,, , ,)3; each added 
C-C link appears to make semi-tetrahedral angles with the principal polaris- 
ability directions of the molecule being increased. 
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to be in boric acid. At least seven borates * have dipole moments of ca. 0-8 D. Smyth 4 
notes that such polarity arises from the distribution of the R-O vectors about the B-O 
bond directions, although * it is too small to be explained by “ free rotations ’’ of the 
bent B-O-R units, steric repulsions among the alkyl groups evidently reducing the 
stabilities of the high-moment configurations (ref. 4, p. 373). The implication here is that 
each borate is a mixture of individual conformational isomers manifesting normal orient- 
ation polarisations. However, in the light of Coop and Sutton’s work,5 a moment of 
0-8 D could also be ascribed to vibration polarisation, owing to the restricted movements 
(librations) of the alkyl groups within limits above and below the BO, plane. 

It is difficult to decide between these alternatives. Present measurements were begun 
to ascertain the algebraic signs of the molar Kerr constants of a number of borates because 
of the chance that these might be negative, in which eventuality (for reasons given in 
ref. 6, p. 294) the existence of permanent resultant moments would be established. 
Unfortunately, in the outcome, all .(mK,.)’s have proved positive; nevertheless their 
magnitudes provide some useful evidence not hitherto available. 


EXPERIMENTAL 


Nine alkyl borates have been studied in carbon tetrachloride as solvent, previously described 
procedures for the measurement of dielectric constant, electric birefringence, etc., being 
followed.*? Methyl borate was prepared by the method of Schlesinger e¢ a/.,* the others were 
commercial specimens redistilled immediately before the solutions were made up. Symbols, 
methods of calculation, and headings used in the following Tables are explained in ref. 6, 
pp. 280—283. The various constants adopted for carbon tetrachloride at 25° are: 


, = 22270 (n,), = 1-4575 H = 2-060 
d, = 1-58454 p, = 0-18319 c.c. J = 0-4731 
B, = 0-070 x 107 C = 0-10596 ,K, = 0-749 x 1074 


In no case was a change in the Kerr constant of the solvent detected on dissolution of the 
borate up to weight fractions of 20%; the coefficient § is therefore zero throughout. 
The results are tabulated. 


DISCUSSION 


The dipole moments and refractivity data of Table 2 are in general accord with previous 
determinations, where these exist.+%® Table 3 shows that trialkyl borate molecules are 
only slightly anisotropically polarisable. Estimates of the unknown longitudinal polaris- 
ability, b2°, of the B-O bond are 0-055 x 10° (by Le Févre’s 1958 equation ™) or 
0-053 x 10° (by the 1959 equation !); for both, the B-O intercentre distance " of 1-38 A 
is used. Becher! recognises a B-O valency vibration in the infrared spectrum at 
1360 cm. and another in the Raman spectrum at 727 cm.*, the latter line being polarised. 
With v = 1360 cm.1, DB° emerges as 0-23, x 10-3, which is impossibly great since 
bp + bro + bY¥° is only 0-196, x 10° if Rp for the B-O link is 1-74 c.c. as stated by 
Gillis. Accordingly, assuming that bf° = b}°, we have: 


10736P° — 0-053, 103529 — 103589 — 0-072 
These values, in conjunction with 10%0¢° = 0-081, 10°(b5° = f°) = 0-039, and 


3 (a) Cowley and Partington, Nature, 1935, 186, 643; (b) Otto, J. Amer. Chem. Soc., 1935, 57, 1476; 
(c) Lewis and Smyth, J. Amer. Chem. Soc., 1940, 62, 1529. 
Smyth, “‘ Dielectric Behaviour and Structure,’”’ McGraw-Hill, New York, 1955, p. 379. 
Coop and Sutton, /J., 1938, 1269. 
Le Févre and Le Feévre, Rev. Pure Appl. Chem., 1955, 5, 261. 
Le Févre and Le Févre, J., 1953, 4041; 1954, 1577. 
Schlesinger, Brown, Mayfield, and Gilbreath, J]. Amer. Chem. Soc., 1953, 75, 213. 
Gillis, ‘“‘ Bond Refractions of Single Covalencies,’’ Tech. Note 51, Defence Standards Laboratories, 
Maribyrnong, Vic., Australia; Rev. Pure Appl. Chem., 1960, 10, 21. 
10 Le Févre, Proc. Chem. Soc., 1958, 283; 1959, 363. 
11 Becher, Z. phys. Chem. (Frankfurt), 1954, 2, 276. 
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TABLE 1. 
10*w, di. E12 
Trimethyl borate 
12,959 1-56975 2-2384 
17,643 1-56526 2-2380 
29,697 1-55265 2-2407 
42,407 1-53855 2-2487 
53,122 1-52573 2-2543 
64,780 1-51486 2-2612 
74,635 1-50197 2-2664 
89,931 1-48733 2-2721 
Tri-isobutyl borate 
11,986 1-56862 2-2286 
21,689 1-55603 2-2293 
34,294 1-53937 2-2313 
49,266 1-51972 2-2347 
61,136 1-50385 2-2368 
76,473 1-48301 2-2379 
97,348 1-45519 2-2412 
118,273 1-42822 2-2457 
Trihexyl borate 
18,642 1-55903 2-2280 
28,731 1-54577 2-2305 
41,256 1-52810 2-2313 
55,773 1-50926 2-2332 
66,821 1-49233 2-2362 
81,038 1-47413 2-2362 
Trinonyl borate 
10,123 1-56983 2-2282 
28,658 1-54367 2-2288 
41,310 1-52536 2-2290 
52,341 1-50937 2-2303 
70,036 1-48418 2-2310 
83,710 1-46441 2-2316 
98,125 1-44385 2-2316 
109,234 1-42590 2-2331 


TABLE 2. 


Borate 
Trimethyl ............ 
| ee 
Tri-n-propyl ......... 
Tri-isopropyl ......... 
Tri-n-butyl ............ 
Tri-isobutyl ......... 
BEE cecscsieicss 
Tripentyl 
Tri-isopentyl ......... 
REED  deccccvscessies 
REE eiirisecatesecsn 
ID eitcsnistnseess 


* Data in parentheses were calculated from ¢, d, and mp measurements given in ref. 3. 


bet = oft = og" = 0-064 x 10° c.c. (see refs. 6 and 12), may now be applied to 


trimethy] borate. 


For this ester we have Rp = 24-11 (Table 2), whence an estimate of 5, + 26, is 
For the flat arrangement of B(OMe),, }, is the sum of the “ vertical ”’ 


2:72, x 10° c.c. 


XE} 
0-52 
(0-38) 
(0-23) 
0-22 
(0-16) 
0-15 
(0-15) 
0-13 
(0-12) 
0-10 
0-09 
0-06 


12 Le Févre and Le Févre, J., 1956, 3549. 
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10°w, dis E12 12 
Tri-isopropyl borate 
15,351 1-56473 2-2306 1-4558 
27,728 1-54826 2-2346 1-4543 
35,135 1-53817 2-2359 1-4535 
43,474 1-52734 2-2366 1-4525 
53,846 1-51342 2-2381 1-4514 
66,559 1-51342 2-2404 1-4501 
79,731 1-47938 2-2446 1-4486 
90,483 1-46322 2-2453 1-4474 
Tripentyl borate 
22,423 1-55276 2-2302 1-4562 
32,687 1-53782 2-2311 1-4555 
42,803 1-52386 2-2330 1-4547 
56,031 1-50471 2-2341 1-4539 
69,124 1-48613 2-2373 1-4532 
82,209 1-46791 2-2369 1-4524 
95,760 1-44833 2-2369 1-4515 
Trioctyl borate 
14,529 1-56362 2-2278 1-4567 
23,188 1-55123 2-2286 1-4564 
38,410 1-52937 2-2306 1-4556 
53,862 1-50766 2-2313 1-4549 
77,107 1-47208 2-2342 1-4538 
86,051 1-46088 2-2345 1-4534 
100,468 1-44102 2-2364 1-4526 
10°w, My. 10®w, Ny. 
Tri-n-propyl borate Tri-n-butyl borate 
14,042 1-4559 15,632 1-4556 
28,002 1-4542 28,735 1-4545 
36,468 1-4532 41,156 1-4535 
61,178 1-4502 54,022 1-4521 


dipole moments.* 


<a 
0-689 
(0-706) 
(0-837) 
0-834 
(0-843) 
0-834 
(0-843) 
0-897 
(0-894) 
0-861 
0-907 
0-905 


—¥ 
0-120 
(0-092) 
0-080 
0-067 
0-069 
0-060 
(0-058) 
0-044 


(0-045) 


0-040 
0-032 
0-025 


Densities, dielectric constants, and refractions, for solutions of borates in 
carbon tetrachloride at 25°. 


Polarisations at infinite dilution, molecular refractions, and apparent 


oP, (c.c.) Rp (c.c.) 
37-8, 24-1, 
50-3, 36-6, 
65-0, 52-7, 
67-5, 52-4, 
78-7, 66-3, 
80-9, 65-9, 
78-8, 66-4, 
94-7, 80-3, 
94-3, 80-2, 
110-5 95-2, 
139-4 121-2 
156-5, 139-0 
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polarisabilities of the bonds involved, i.e., b, = 0-909 x 10° c.c., so that 6b, = b, = 
0-907 x 10° c.c. These differ somewhat from either of the sets shown in Table 3. If 
each of the C—O bonds is inclined at an angle 6 to a line perpendicular to the OOO triangle 
and passing through the boron atom, we have: 0-919 = 3b7° + 959" + 3(b£° cose + 
b° sin?6), whence 0 is ca. 74°, 7.e., the three O-C bonds are disposed towards the defined 


TABLE 3. Molar Kerr constants at infinite dilution in carbon tetrachloride at 25°, and 
principal polarisabilities derived therefrom. 


Borate co(mA,) X 1012 (8, + 0.) x 10% 10%D,* 10%5,*%* = b,* 107d, ft 10%), f = byt 
frimethyl 1-2, 0-2902 0-919 0-903 0-993 0-866 
[riethyl ...... 1-7, 0-4233 1-398 1-370 1-489 1-324 
ri-n-propyl 2-5; 0-6065 2-011 1-973 2-124 1-916 
Tri-isopropyl 2-5, 0-6041 1-996 1-965 2-111 1-908 
Tri-n-buty] ... 3-1, 0-7539 2-529 2-482 2-655 2-419 
Tri-isobutyl... 3-1, 0-7492 2-516 2-469 2-639 2-407 
Tri-s-butyl ... 3-1, 0-7515 2-528 2-489 2-659 2-423 
Tri-n-pentyl 3-8, 0-9133 3-057 3-009 3-199 2-938 
Tri-isopenty] 3°8, 0-9133 3-054 3-003 3-194 2-933 
Trihexyl ...... 4:3, 1-0393 3-621 3-569 3-774 3-493 
Traectyi ....:. 5-6, 1-3485 4-599 4-546 4-778 4-457 
Trinonyl ...... 6-2, 1-4936 5-276 5-212 5-462 5-121 


* Calc. on assumption that resultant moments are as in Table 2; pP/,P taken as 1-1, ,P as 0-95Rp. 
tT Calc. on assumption that presuitant = 0, in which case pP = oP, 


line much as they would be towards a fourth bond if attached to a quadrivalent tetra- 
hedral atom. The apparent moment may therefore be largely real, for if uyeo is between 
0-74 (ref. 4, p. 244) and 1-1 D (from }8 uye,o = 1-25 D and the Me-O-Me angle = 110°), 
(ome), Should be between 0-61 and 0-91 D, to be compared with pexp:. = 0-82 D listed in 
Table 2. 

Because of the allocation " of C3, symmetry to trimethyl borate, only forms of com- 
parable symmetry have been fully investigated. Others can be eliminated on dipole 
moment grounds, or by their ,K’s; e.g., a structure in which one OMe link is above and 
two OMe links are below the BO, plane to the maximum extents would have a u of the 
order found but its ,,K calc. would be 10-8 x 107!*, which is excessive. 

A further point of interest from Table 3 is that, among the homologous normal esters, 
the differences per 3CH, in 0}, and in b, = b, from one member to the next higher are 
roughly the same, lying about the mean value 0-54, x 10°°%; this is close to the increment 
of polarisability to be expected (0-53, x 10-3 c.c.) if, in passing from one homologue to the 
next, the new C-C links are always added in such a way that their longitudinal polarisability 
semi-axes make approximately semi-tetrahedral angles with the principal polarisability 
directions in the molecule of the lower homologue. 


The authors acknowledge with gratitude a gift of specimens of trialkyl borates from Borax 
Consolidated Limited, of London, obtained by the kind offices of Messrs. Swift and Company 
Limited, of Sydney. 


UNIVERSITY OF SYDNEY, N.S.W., AUSTRALIA. [Received, January 26th, 1961.) 


13 Barclay and Le Févre, J., 1952, 1643. 
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810. Molecular Polarisability: The Dipole Moment, Molar Kerr 
Constant, and Space Formula of Tréger’s Base as a Solute in Benzene. 


By M. Aroney, L. H. L. Cuts, and R. J. W. LE FEvre. 


In benzene as solvent, Tréger’s base has a dipole moment of 1-0, p, and 
a molar Kerr constant of —17 x 101%. Scale models (Barton type) suggest 
three possible conformations for which the calculated molar Kerr constants 
are —46, —14, and —52 x 10”, respectively. It is concluded that as a 
solute Tréger’s base exists largely in the second conformation in which the 
Ar-rings are nearly perpendicular to one another and the CH,*N-CH,°N units 
are non-planar in a way resembling the —[CH,],— unit in ¢vans-tetralin. 


THE base C,,H,,No, isolated in 1887 by Tréger} from -toluidine and formaldehyde, was 
shown by Spielman ? in 1935 to have structure (I) in preference to others which had been 
previously suggested. Prelog and Wieland‘ noted that the model of (I) was dis- 
symmetric and effected the first optical resolution by chromato- 

Me aS be graphic adsorption. More recently Wepster® has considered 
CL fy Ion its spatial formulation in connection with spectral studies of 
N-CH, mesomerism among aromatic amines; he observes that with 

(I) usual interatomic distances and intervalency angles two almost 
strain-free constructions are possible: configurations T and C. 

In T the Ar-rings are nearly perpendicular to each other; this is t he “ ¢vans ’’-form, depicted 
in Fig. 1 where the Ar-rings are represented as hexagons, the two nitrogen atoms are 


Fic. 1. 
rn 





« / VY ill | e 


labelled Ng, Ny, and the two methyl groups attached to the Ar-rings para to the nitrogen 
atoms are not shown. The nitrogen atoms and some of the carbon atoms are labelled to 
relate to Figs. 3 and 4. In configuration C the Ar-rings are in an “ extended”’ dis- 
position (Fig. 2 illustrates this model). If, in CgH;-NX,, the X—X line makes an angle 
¢@ with the C,H; plane, then, for Tréger’s base as configuration T, ¢ is ca. 45°, while as 
configuration C, it is ca. 80°; further, the heterocyclic rings are not flat in either arrange- 
ment, but in relation to the annellated C, rings have conformations in forms T and C 


' Tréger, J. prakt. Chem., 1887, 36, 227. 

2 Spielman, /. Amer. Chem. Soc., 1935, 57, 583. 

* Eisner and Wagner, J. Amer. Chem. Soc., 1934, 56, 1938. 
* Prelog and Wieland, Helv. Chim. Acta, 1944, 27, 1127. 

5 Wepster, Rec. Trav. chim., 1953, 72, 661. 
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resembling those® of the —[CH,],- portions of tvans- and cis-tetralin respectively. 
Wepster® notes that the models show Tréger’s base to be “ definitely not absolutely 
rigid ’’ and that “configurations T and C can be converted into each other fairly 
easily,’ although some angle-strain has to be overcome during the process; he 
concludes “‘ there can be no doubt that T is several kilocalories more stable than C.”’ 

Whether Tréger’s base as a solute is a single form or a mixture seemed at the outset 
to be a question probably answerable by considerations of molecular polarisability. 


Experimental.—Troger’s base was prepared from hydrochloric acid saturated with hydrogen 
chloride (70 c.c.), 40% aqueous formaldehyde (70 c.c.), and p-toluidine (20 g.) in ethanol (200 
c.c.), essentially by Goecke’s method.? Yields were low and variable (cf. Wagner’s comments 
on the reactions involved §); after many recrystallisations from aqueous alcohol (charcoal) 
about 4 g. of white needles, m. p. 135—136°, were obtained. 

Infrared spectra were taken of mulls in Nujol and hexachlorobutadiene; absorptions (cm.~!) 
due to Tréger’s base were: 


1495—1497s 1225w 1142w/m 1040vw 898m 747w 
1440w 1210m 1112m 963m/s 873w 740w 
1412w 1195w/m 1097m 956sh 865w 713w 
1328m 1163w 1065m 942sh 830s 689w 


Apart from absorptions characteristic of C-H links (2960—2910, and 2855 cm."!), the substance 
was transparent over the region associated with N-H groups, a fact which formally invalidates 
the structure proposed by Eisner and Wagner; * likewise the absence of absorption between 
1600 and 1700 cm.1, where C=N should ® reveal itsélf, is against Tréger’s original formula, 
(Me-C,H,-N=CH),CH,. 

Measurements of the dipole moment, molecular refraction, and molar Kerr constant of 
Trdger’s base in benzene, obtained by methods described in refs. 10—12, are summarised under 
the usual headings in Table 1. The various constants required for benzene at 25° are: 


©, = 2-2725 (np), = 1-4973 H = 2-114 
d, = 0-87378 P; = 0-34086 J = 0-4681 
B, = 0-410 x 107 C = 0-18809 K, = 7-56 x 10 


Definitions of symbols used, and details of the calculations involved, are given in ref. 11, pp. 
280—283, and ref. 12, pp. 2486—2490. 


TaBLE 1. Incremental dielectric constants, densities, refractive indexes, and electric bi- 
refringences for solutions containing weight fractions w. of Tréger’s base in benzene at 


25°. 

eee 906 2689 3122 3357 3937 4367 4584 
ere 66 205 255 262 323 358 391 
eae 163 547 620 721 843 901 934 
ee 6 25 29 36 39 44 48 
oe, eae 709 1157 1692 1943 3039 3825 \ 

co, Te 57 79 129 165 237 321 . 
eee 147 228 355 414 637 715 

a ee 3357 4551 4584 4941 5397 

—= IF BD vs cccsececs 180 221 237 250 272 

whence LAs/Yw, = 0-806,; YAd/YXw, = 0-204,; LAn/Yw, = 0-076,; DAB/Sw, = —0-508,; 


and > (n?, — n,*)/Xw, = 0-296,. 
* Determinations made by Mr. D. D. Brown, on another preparation, during 1949. 





® de Jong, quoted in ref. 5 from Thesis, Amsterdam, 1951. 

7 Goecke, Z. Elektrochem., 1903, 9, 473. 

8 Wagner, J. Org. Chem., 1954, 19, 1862. 

® Fabian and Legrand, Bull. Soc. chim. France, 1956, 1461. 

10 Le Févre, ‘‘ Dipole Moments,’’ Methuen, London, 3rd edn., 1953, Chap. II. 

1 Le Févre and Le Févre, Rev. Pure Appl. Chem., 1955, 5, 261. 

12 Le Févre and Le Févre, Chap. 36 in ‘“‘ Physical Methods of Organic Chemistry,” Interscience 
Publ., Inc., New York, 3rd edn., 1960. 
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In the equations: ,P, = M,[p,(1 — 6) + Cae,) and .(mK,) = M,[,Ai(l —8 + y+ 8 — 
Hy — J«e,)) we have, from the tabulated data, ae, = 0-806,, 8 = 0-234), y = 0-051,, 8 = 
— 1-23,, so that .P, = 1033 c.c. and .(mK,) = — 17-2 x 10°72, R, = 78-4 c.c. and p = 
1-01 D (if the distortion polarisation is 1-05Rp). 


Discussion.—As a preliminary we have examined Barton-type models of the base (I), 
using inter-centre distances: #3 C-C, 1-54 A, Ca,-Ca,, 1:39 A, and C-N, 147 A. A 
third conformation, in which all the carbon atoms to the right of the N---N line lie 
in one plane and all those to the left in another, is thus revealed as not excessively strained 
(although this conformation is not illustrated, Fig. 3.serves to explain further its char- 
acteristics). This conformation we term form P (= planar). Our procedure has been 
to calculate the principal polarisabilities b,, b,, and b, expected for the three conformations, 





thence to compute the corresponding molar Kerr constants, and finally to compare the 
m4X’s so produced with that determined by experiment. 
Anisotropic bond and group polarisabilities required were: 11-114 


C-H C-C C-N C,H; 
a ae 0-064 0-099 0-057 0-928 
_ ee 0-064 0-027 0-069 0-928 
gg TE ee 0-064 0-027 0-069 0-544 


The various inter-bond angles also needed were obtained where possible by calculation, 
and otherwise by direct measurement of the models. 

Fig. 3 shows part of structure P. The plane N,CN, is assumed to be at 120° to each of the 
planes containing all the carbon and nitrogen atoms of the molecule, other than the carbon 
of the apical methylene group. With the angles C,C,N,, C;C,C,, and N,C;C, at 109° 28’, 
120°, and 120°, respectively, that for N,CN, becomes 101° 3’ and the centre—centre 
distance from N, to N, is 2-27 A. (Such an N-C-N angle is smaller than normal,” cf. 
108° -+ 4° in NMeg, but not impossible, cf. 99° in nickel phthalocyanine }* or 95° in potas- 
sium benzylpenicillin ). Arbitrary axes OX, OY, and OZ (O being midway between 
N, and N,) are imposed on the structure, with OX along N,ON;, OZ along OC, and OY, 
perpendicular to OX and OZ; bxx, bxy, bxz, byx, byy, etc., are then evaluated, and }, 
b,, and b, obtained, together with the nine direction cosines locating them in the OX, 
OY, OZ framework, by the method outlined in ref. 12, p. 2486. 


13 Sutton, ‘ Tables of Interatomic Distances and Configuration in Molecules and Ions,’’ Chem. Soc. 
Spec. Publ. No. 11, 1958. 
14 Aroney and Le Févre, J., 1958, 3002. 








= iv Fr 


1e 


IC. 








XUM 


1961} Molecular Polarisability. 4147 


Results emerge as follows: 


Direction cosines with 


OX OY OZ 
LOS, = B25, ..0..0.20000000 +0-9624 —0-2715 0 jy = pte = 0, pg = 1-01 dD, 
LOMB, me BOB, ncccccscesccsee +0-2715 -+0-9624 0 and »K calc. = —46 
By A B,  ccncssescscnss 0 0 +1 j x 19s 


Fig. 4 shows part of structure T, which differs from P in that, while atoms C, and N, 
remain in-plane with the Ar-ring, Ng is out-of-plane and situated below this plane (if the 
apical carbon is regarded as above it). Measurement of the model gives 15° as the angle 
which the bond C,N, makes with its projection C,N,’ on to the plane C,C,C;N,. Since 
the two Ar-ring-planes appear to be at 90° to one another, the line of intersection of these 
planes defines the OX direction (Fig. 4). The mid-point O of MN,’ is the origin of our 
arbitrary axes so that OY is in the plane of one Ar-ring and OZ in that of the other. 
Calculation as before gives: 


Direction cosines with 


OX OY OZ 

10D, = 3-21, 0.0.20... +0-9938 —0-0789 —0-0789 )} py = w= 0,3 = 1-01, 
1078, = 2:82, ....eeeeeee +0-1116 +0-7027 +0-7027 and ,K calc. = —14 
10%, = 2-84, ............ 0 —0-7071 +0-7071 1072 


In structure C the Ar-rings are “ extended ”’ more than in T, and their planes intersect 
at about 45°; atom N, is out-of-plane with its #-tolyl nucleus and on the same side as is 
the apical carbon. The line CN, is chosen as the OX axis, with OY in the plane of the 
nearer Ar-ring, and OZ mutually perpendicular toOX and OY. The angles between these 
axes and the various bonds in the molecule are measured by hand (experience of repeated 
assembly, dismantling, and reassembly of Barton models shows that these can be thus 
estimated within 1°). For conformation C we find: 


Direction cosines with 


ox OY OZ 

10%, = 3-05, .......e0 +0-8621 —0-2655 +0-4316 ) », = 0-100 D, pw, = 0-028 p, 
10%, = 3-38, ......sss0ee +0-3223 +0-9446 —0-0626 3 = 1-00 D, and ,,K calc. 
10%, = 2:49, .....eeeeeee —0-3910 +01930  -+0-8999 = —52 x 107? 


Finally, as a check on our calculations above, we note that the sums (b, + 0b, + dg) 
for conformations P, T, or C are 8-88, x 10° c.c.; this corresponds to an electronic 
polarisation of 74:7 c.c. The observed Rp is 78-4 c.c. from which, if (as is often the case) 
pP = ca. 0-95Rp, xP is 74-5 c.c. 

Since the molar Kerr constants expected for the P, T, and C conformations are re- 
spectively —46, —14, and —52 x 10°, and the value found by experiment is —17 x 10° 
Tréger’s base as a solute in benzene evidently exists largely as form T; on the data quoted 
a content of form T of 90°% at least is indicated. 


Financial assistance from Monsanto Chemicals (Australia) Limited is gratefully acknow- 
ledged. 


UNIVERSITY OF SYDNEY, N.S.W., AUSTRALIA. [Receivgd, February 10th, 1961. 
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811. Molecular Polarisability: the Dipole Moments, Polarisations, and 
Molar Kerr Constants of Ten Aliphatic Ketones as Solutes in Carbon 
T etrachloride. 


By M. Aroney, D. Izsax, and R. J. W. LE FEvre. 


The properties named in the title are recorded for diethyl, di-n- and 
di-iso-propyl, di-n- and di-iso-butyl, di-n-pentyl, di-n- and di-iso-hexyl, di-n- 
heptyl, and di-n-tridecyl ketone in carbon tetrachloride. The apparent 
conformations of diethyl and di-isopropy] ketone as solutes are inferred from 
the observed molar Kerr constants to be as in Figs. IG, and between IIA 
and IIB, respectively. The molar Kerr constants of the higher di-n-alkyl 
ketones can be satisfactorily forecast from data known for acetone and the 
related n-alkanes provided the polarisabilities of the attached alkyl groups 
are represented by ellipsoids of revolution whose long axes are situated at 
angles to the C=O bond varying from 67° in di-n-pentyl ketone to 63}° in 
di-n-tridecyl ketone. 


THE molar Kerr constants of the simpler aliphatic ketones as solutes at infinite dilution, 
»(mKy), have not hitherto been recorded, except for acetone.t From «(mK )acetone, to- 
gether with light-scattering data,” Le Févre, Le Févre, and Rao * deduced the longitudinal, 
transverse, and “ vertical” polarisabilities (b{°, bF°, and bY° respectively) of the 
C=O bond as 0-230, 0-140, and 0-046. (Throughout this paper, polarisabilities will be 
quoted in 10° c.c.) Observations in ref. 3, and others (unpublished) now accumulating, 
suggest that these values are of general applicability to structures in which the ketone 
group is “isolated’”’ (t.e., non-conjugated); accordingly they will be adopted in the 
analysis of the new ~(mK,) measurements reported in Tables 1 and 2. For none of the 


TABLE 1. Incremental Kerr effects, refractive indexes, dielectric constants, 
and densities for solutions in carbon tetrachloride at 25°. 
Solute: Diethyl ketone 











ae MO 290 376 641 785 1222 1256 3085 3369 4670 

BPA osc. a ~- 0-047 0-054 0-091 0-098 0-225 0-247 0-344 

—10'An — _- -- -- — 37 40 57 

Te 2-2784 2-2916 2-3394 2-3637 2-4410 2-4465 — — — 

OP skein 1-57999 1:57899 1-57483 1-57275 1-56612 1-56564 1-53918 1-53512 1-51694 
whence 10°AB/Yw, = 7:35; LAn/Xw, = —0-120; LAe/Yw, = 17-5; LAd/Xw, = —1-50 

Solute: Di-n-propyl ketone 

i, ee 859 929 1253 1392 1648 1757 2528 3006 3858 5255 

IAB ...... — — — 0-047 0-057 0-061 _— 0-106 0-142 0-187 

—10An ... — — -- —_ 17 — — — 39 51 

Pr stcasevsass 2-3286 2:3377 2-3765 2-3933 — 2-4357 + 2-5255 2-5863 — 

ae — 1-57094 1-56578 1-56421 1-56017 -~ 154094 1-52874 1-51031 
whence 410°AB/Yw, = 3-51; LAn/Xw, = —0-100; LAe/DHw, = 11-9; YAd/Xw, = —1-46 

Solute: Di-isopropyl ketone 

i. ee 477 957 1005 1162 1941 2115 3683 

BG AD 220... — 0-029 0-030 0-035 0-059 0-066 0-118 

—10*An ... — —_— _— —_ 21 24 41 

ere 2-2896 2-3524 2-3594 2-3785 2-4855 2-5092 — 

OP sttivess 1-57724 1-56996 1-56926 1-56690 1-55510 1-55264 1-52995 
whence }10°AB/Yw, = 3-07; LAn/Xw, = —0-111; LAe/Yw, = 13-2; DAd/YSw, = —1-51 





1 Le Févre and Le Feévre, J., 1953, 4041. 
2 Le Févre and Rao, J., 1957, 3644. 
3 Le Févre, Le Févre, and Rao, J., 1959, 2340. 
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TABLE 1. (Continued). 
Solute: Di-n-butyl ketone 
10a, ...... 676 1102 1824 2951 3809 5038 
IVAD ....:. 0-014 0-024 0-042 0-068 0-085 0-113 
—10'An ... _ — oman 21 97 36 
eateissccass 2-2912 2-3311 —_ 2-5071 2-5922 2-7091 
CP snisnnnes 1-57457 1-56826 1-55781 1-54206 1-52926 1-51241 
whence 210°AB/Yw, = 2:22; LAn/Xw, = —0-071; LAe/Sw, = 9-52; LAd/Sw, = —1-46 
Solute: Di-isobutyl ketone 
dh. Me 913 929 2009 2262 2500 3432 
| 0-018 0-019 0-038 0-043 0-048 0-064 
—10*An ... = -- — 21 24 33 
Ce wien 2-3109 2-3127 oo 2-4364 2-4586 2-5471 
aoe 1-57043 1-57028 1-55385 1-55012 1-54663 1-53281 
whence 110°AB/Sw, = 1:93; LAn/XSw, = —0-095; YAe/Hw, = 9-25; YAd/Sw, = —1-53 
Solute: Di-n-pentyl ketone 
i ae 800 1308 1720 2117 2774 3254 3724 
i _- 0-023 0-032 0-039 0-050 0-056 0-067 
ee <aeadionin 2-2901 2-3307 — 2-3942 2-4466 2-4828 2-5211 
GE siamese 1-57289 1-56553 1-55937 1-55368 1-54432 — 1-53034 
whence 110’7AB/Yw, = 1:80; LAc/Yw, = 7-91; YAd/Sw, = —1-46 
105w, ...... 1494 2156 2924 Chic ee 
ae. 8 11 16 } whence ,An/.w, = —0-053 
Salute: Di-n-hexyl ketone 
he ee 897 997 1454 1722 2468 2915 
og ee 0-012 0-013 0-019 0-021 0-032 0-037 
—104Ax ... — — — 8 11 13 
whence 107AB/Sw, = 1:29; YAn/Xw, = —0-045 
de ee 705 940 955 1080 1275 2153 
Ge  ciceeonen 2-2727 2-2878 2-2890 2-2966 2-3096 2-3651 
whence Ac/Siw, = 6-46 
tings ree 720 790 897 997 1454 1722 2915 
We ccvenvuns 1-57389 1-57291 1-57156 1-57001 1-56346 1-55958 1-54255 
whence )Ad/Sw, = —1-46 
Solute: Di-isohexyl ketone 
i 828 1464 1650 2012 2221 2344 
ig | eeere 0-010 0-015 0-018 0-023 - 0-025 0-026 
—10*An - — -—= 12 13 14 
PP sannsdaseees 2-2794 2-3191 2-3298 2-3536 2-3663 2-3754 
OE” xatinioes 1-57232 1-56317 1-56035 1-55522 1-55237 1-55043 
whence 2107AB/Sw, = 1:12; YAn/YSw, = —0-060; YAc/Yw, = 6-29; YAd/Yw, = —1-46 
2 2 2 2 
Solute: Di-n-heptyl ketone 
oe 236 846 1292 1368 1862 2354 2809 4099 
IPAS ...... —- ~- 0-011 0-012 0-016 0-020 0-024 0-035 
—10*An ... —- 7 — _- -- 9 ll 15 
ee — 2: 2792 2-3057 2-3119 2-3432 2-3715 2-4032 — 
OP. sccancune 1-58108 1-57227 1-56601 1-56452 1-55732 1-55050 1-54308 -- 
whence ©10°AB/Yw, = 0-858; YAn/Yw, = —0-038; YAe/Yw, = 6-19; LAd/Sw, = —1-46 
Solute: Di-n-tridecyl ketone 
ie, ee 1121 1144 1581 1649 1675 
a!) 0-003 0-003 0-004 0-005 0-005 
—10*An ... _- —_ 3 3 — 
whence 1107AB/Sw, = 0-277; LAn/Sw, = —0-018 
i, ee 468 706 839 1101 1121 1347 1639 1675 1715 
OF vinetscinnans — 2-2446 2-2478 2-2546 2-2550 2-2618 2-2690 — 2-2713 
ee -eiéneow 157782 1-57485 1-57250 1-56961 1-56876 1-56564 — 1-56159 -— 
whence YAe/Sw, = 2-53; YAd/Yw, = —1-40 
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ten ketones here examined, has any evidence indicating conformation been previously 
advanced, apart from one reference to diethyl and di-isopropyl ketones.*® 


TABLE 2. Polarisations, dipole moments, and molar Kerr constants 
(from observations on solutions in carbon tetrachloride at 25°). 


oP, pP 
Solute ae, —B -y r) (c.c.) (c.c.) 4 p (D) 1027.0 (m3) 

oY. 17°5 0-947 0-082 105 190-2 26-8 2-82 63-7 
(n-C,H,),CO ... 11-9 0-921 0-069 50-1 183-9 35-7 2-70 39-8 
(iso-C,H,),CO... 13-2 0-955 0-076 43-9 200-4 36-2 2-83 33-9 
(n-C,H,),CO ... 9-52 0-921 0-049 31-7 193-5 45-9 2-69 31-1 
(iso-C,H,),CO ... 9-25 0-963 0-065 27-6 190-6 45:8 2-66 26-9 
(n-C,H,,)sCO ... 7-91 0-921 0-036 25-7 202-5 55-9 2-68 30-5 
(n-CgHy5)¢CO ... 6-46 0-921 0-031 18-4 205-6 65-7 2-61 25-7 
(iso-C,H,,),CO 6-29 0-921 0-041 16-9 202-0 64:8 2-59 22-3 
(n-C,H,;),CO ... 6-19 0-921 0-026 12-3 228-2 75-9 2-73 19:1 
(n-C,3H,,),CO... 2-53 0-884 0-012 3-9, 242-0 131-8 2-32 13-8 

* T.e., 1:05 Rp. 

EXPERIMENTAL 


Materials, Apparatus, etc.—The solutes were purified immediately before use, giving the 
following ketones: diethyl, b. p. 101—-102°, after drying (MgSO,) of the B.D.H. product; 
di-n-propyl, b. p. 143°; di-n-butyl, b. p. 185—187°; di-n-pentyl, b. p. 222°; di-n-hexyl, b. p. 
264°; di-n-heptyl, b. p. 278°; di-n-tridecyl, m. p. 76° (Found: C, 82-2; H, 13-8. Calc. for 
Cy,H;,0: C, 82-15; H, 13-8%); di-isopropyl, b. p. 124—126°; di-isobutyl, b. p. 164—166°; 
di-isohexyl, b. p. 152°/92 mm. Carbon tetrachloride was from a sulphur-free supply which 
had been dried (CaCl,), fractionated through a 1l-m. column packed with glass helices, then 
stored with fresh anhydrous calcium chloride. Solutions, containing weight fractions w, of 
solutes, were made up from filtered carbon tetrachloride. Apparatus for the measurement 
of the dielectric * («) and Kerr? constants (B) of the solutions has been described before. Ob- 
servations are set out in Table 1, in which A implies the difference between solution and solvent, 
e.g., AB = By, — By, An = ny, — n, (refractive-index change), etc. (Subscripts 1, 2, and 12 
denote solvent, solute, and solution, in that order.) Calculations relevant to Table 2 are 
explained in refs. 1, 7, 8,9. For carbon tetrachloride at 25°, e«, = 2-2270, d, = 1-58454, (np), = 
1-4575, and B, = 0-070 x 107 (Na light). 


DISCUSSION 


Dipole Moments.—Wesson’s list }° contains no entry for any of these ketones in carbon 
tetrachloride; acetone in this solvent has™ » = 2-74 p. Diethyl and di-n- and di-iso- 
propyl ketone as solutes in benzene have ! » = 2-72, 2-73, and 2-74 p, respectively; the 
new values in Table 2 are evidently unremarkable (cf. Smyth ?%). 

Molar Kerr Constants.—No previous determinations of .(,K.)’s for the ketones of 
Table 2 exist. An initially rapid, and subsequently more gradual, diminution of molar 
Kerr constant occurs as the n-alkyl chains are lengthened from acetone, .(,/,) = 
101 x 10°", to di-n-tridecyl ketone, (mK ) = 13-8 x 107. None of the values is 
algebraically negative—a fact of interest because Stuart and Volkmann,‘ who recorded 


* Stuart and Volkmann, Ann. Physik, 1933, 18, 121. 

5 Stuart, ‘‘ Die Struktur des Freien Molekuls,” Springer Verlag, Berlin, 1952, pp. 456—458. 

* Buckingham, Chau, Freeman, Le Févre, Rao, and Tardif, J., 1956, 1405. 

7 Le Févre and Le Févre, Chap. XXXVI in “‘ Physical Methods of Organic Chemistry,”’ ed. Weiss- 
berger, Interscience Publ., Inc., New York, London, 3rd edn. Vol. I, p. 2459. 

8 Le Févre, “‘ Dipole Moments,’’ Methuen, London, 3rd edn., 1953. 

® Le Févre and Le Feévre, Rev. Pure Appl. Chem., 1955, 5, 261. 

10 Wesson, “‘ Tables of Electric Dipole Moments,” Technology Press, Massachusetts Inst. Technology, 
1948. 

11 Le Févre and Le Feévre, Austral. ]. Chem., 1954, 7, 33. 

12 Smyth, “ Dielectric Behavior and Structure,” McGraw-Hill, New York, 1955, p. 290. 
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the electric birefringences of, inter alia, gaseous diethyl and di-isopropyl ketone at tem- 
peratures considerably higher than that used here, give data which, transformed to 25°, 
correspond to molar Kerr constants of 25-0 x 107% and —13-6 x 10°” respectively. 
These are strikingly different from the .(mK,)’s now found (Table 2) at infinite dilution, 
being 39 and 48 units less positive; a similar calculation for acetone from ref. 4, however, 
yields an ,,K at 25° of 153 x 107, which is 52 units more positive than the observed ! 
o(mK,) of 101 x 107. Such disagreements seem too great to be due to alterations of 
molecular conformations by temperature or state; probably their causes lie in practical 
difficulties in the measurement of Kerr effects with hot vapours. 

Conformation of Diethyl Ketone.—Le Feévre and Rao,? from data on solutions in carbon 
tetrachloride, gave the principal polarisabilities of acetone as b, = 0-701, b, = 0-684, 
and b, = 0-482, where b, is measured parallel to the C=O axis, b, is perpendicular to }, 
and in the C-C-C plane, and 8, is normal to this plane. Subtraction of two C-H bond 
polarisabilities (bf = b¢" = b—* = 0-064) provides principal polarisabilities for the 
(-CH,),CO unit; from this, in conjunction with longitudinal, transverse, and vertical 
polarisabilities for the C-C link of 0-098,, 0-027,, and 0-027,, respectively, together with 
120° for the C-(CO)-C angle and 109° 28’ for all other C-C-C angles, the results summarised 
in Table 3 have been calculated by the method outlined in ref. 7, p. 2486. The X axis 


TABLE 3. Calculated polarisabilities and molar Kerr constants 
for seven conformations of diethyl ketone. 


Direction cosines with 


Conformation b; (calc.) xX bf Z 1012,,K (calc.) 
b, = 1-071 +1 0 0 
IA b, = 1-078 0 +1 0 123 
bs = 0-793 0 0 +1 
b, = 1-150 +1 0 0 
IB b, = 0-999 0 +1 0 228 
b, = 0-793 0 0 +1 
6b, = 1-117 -+0-959 — 0-283 0 
IC b, = 1-032 + 0-283 -+0-989 0 175 
b, = 0-793 0 0 +1 
f b= 1-021 0-976 0 —0-218 
ID by = 1-007 0 +1 0 47 
lb = 0-918 +0218 0 +0-976 
b, = 1-016 I 0 0 
IE b, = 1-022 0 + 0-934 + 0-356 48 
bs = 0-903 0 — 0-356 +0-934 
b, = 1-059 tl 0 0 
IF b, = 0-996 0 +0-998 + 0-066 104 
b, = 0-887 0 — 0-066 +0-998 
b, = 1-026 Ll 0 0 
IG b, = 1-010 0 +0-959 +-0-285 60 
b, = 0-906 0 — 0-285 + 0-959 


is chosen to be always along the C=O group, Z to be perpendicular to, and Y to be 
in, the plane of the paper in diagrams (IA) to (IG). The locations of the principal polarisa- 
bility directions within the XYZ co-ordinates are defined by the cosines listed. 

Conformations IA, B, and C are planar and as shown in the diagrams; in D the 
C-CH,-CH,; triangles are in planes perpendicular to the CH,*C°CH, plane and both methyl 
groups project up above the latter plane; E is the same as D except that one of the methyl 
groups (that for which the C-Me bond is indicated by the letter n) projects below the 
CH,°C’CH, plane; in F the C=O “ eclipses ’”’ one of the C-H links in each of the methylene 
groups, 7.¢., one C-H of each methylene group, and the carbonyl link are in the same 
plane; for G each CH,-CH, group of configuration E is rotated inwards about the C-CH, 
bonds, 7.e., away from the positive X direction, by 10° from the positions in E. 
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The observed value of the molar Kerr constant is 63-7 x 10°!*, which is much below 
that calculated for any planar conformation. In E (which sterically is preferable to D) 
the terminal C-CH, groups are out of the CH,°C’CH, plane to the maximum extent and 


% i 
wa om TO on a 
i” on. * \ CH 
‘CH, cH Os oH, Re 
CH. 3 
CH, 3 D 
A B Cc 
JH | CH, CH 
3 af o's 
Y / ZH A 
a, — = 
x 4 CH. .--(n) Cf ‘ 
ca” f CH, XE a” 
E F G 
@ 


for this the calculated ,,K is too small. Best agreement is obtained with the intermediate 
conformation G. 

Conformation of Di-isopropyl Ketone.—Only two conformations of this molecule appear, 
from Leybold models, to be sterically allowable, namely IITA and B. In IIA the two 
C-H bonds are coplanar with the C=O and are located as shown in the diagram; in IIB, 
the two C-H bonds are also coplanar with C=O but one isopropyl group has been rotated 


™ CH ®.¢ 
v H,c\\ HAC) . 
DH SoH 
O=c =f _&H, 
x (®~Nc—H Nar 
ao’ 7s 
Zz 3 3 
CH, H 
A B 
(0) 


through 180° about *C-C from its position in A. Molecular polarisability semiaxes have 
been computed for the two configurations and, by taking the observed dipole moment 
as acting along the carbonyl bond axis, the corresponding molar Kerr constants have 
been estimated. ‘ 


TABLE 4. Calculated polarisabilities and molar Kerr constants 


for two conformations of di-isopropyl ketone. 


Direction cosines with 


Conformation b; (calc.) X = y A 10%? i (calc.) 
f b, = 1-339 +1 0 0 } 
ITA b, = 1-386 0 +1 0 0-3 
Lb = 1-292 0 0 +1 
b, = 1-390 +0886  +0-464 0 
IIB { by = 1-334 — 0-464 +0-886 0 } 52 
b, = 1-292 0 0 +1 


The observed value for the molar Kerr constant is 33-9 x 10°. A mixture of the 
two forms in the ratio 2(B) : 1(A) would give a resultant ,,K of ca. 35 « 10°! in agreement 
with that from experiment. 
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Conformations of Higher Di-n-alkyl Ketones.—From the values of Byq at 20° listed 
on p. 460 of ref. 5, together with appropriate dielectric constants, densities, and refractive 
indexes from refs. 13 and 14, molar Kerr constants and anisotropy terms are calculable 
for the following hydrocarbons as liquids: 


10’ Big € d Np 10!%,, Kiig 10°56, 
n-Pentane ......... 0-055 1-844 0-6263 1-3577 1-39 0-330, 
n-Hexane ......... 0-066 1-890 0-6595 1-375 1-70 0-404, 
n-Heptane ......... 0-076 1-924 0-6837 1-3878 2-14 0-509, 
n-Dodecane ...... 0-125 2-014 0-7488 1-421, 5-08 1-208 


By assuming that because of their flexibility these molecules will show anisotropies of 
polarisability describable by an ellipsoid of rotation, 7.e., with b, 4 b, = bg, the following 
may be deduced by subtracting from }, and b, the polarisability known for the C-H bond: 


(b, + bs + bs) + by alkyl (by an by)@lky! (b, + by + bs) ~ by alkyl (by an by)alky! 
n-Pentane ... 2-916 1-019 0-852 n-Heptane 3-990 1-404 1-197 
n-Hexane ... 3-453 1-210 1-026 n-Dodecane 6-675 2-374 2-055 


* Calc. from by + by + by = 0-153 for the C—C bond, and 0-192 for the C-H bond. 


These data can now be combined with the three polarisabilities, deriv ed from acetone 
for the C-CO-C unit. Suppose the alkyl groups to be attached so that their longitudinal 
polarisability axes lie in the C-CO-C plane and make angles 180° — «° with the C=O 
bond (7.e., with the direction of action of {resuitant, along which also the b,’s of the higher 
ketones are measured); the principal polarisabilities, and hence the ,,K’s which emerge 
are sensitively dependent on «. Values of « which lead to ,,K’s close to those observed 
are shown: 


Ketone o b, by bs 10!2,,K (calc.) 
EEE cocccccssesesoesss 67 2-072 2-287 1-802 30-7 
GREED cccicncnccceseuses 66-5 2-428 2-661 2-150 26-7 
SD Servcccnsasnnesios 66-5 2-777 3-042 2-492 19-6 
et Ee 63-2, 4-556 4-919 4-208 14-5 


An interesting implication is therefore that the larger the n-alkyl group the more does 
its maximum polarisability tend towards operation at trigonal angles to the C=O bond 
(for which limiting situation « should of course be 60°). 
UNIVERSITY OF SYDNEY, N.S.W., AUSTRALIA. {Received, March 13th, 1961.) 
18 Timmermans, ‘‘ Physico-chemical Constants of Pure Organic Compounds,” Elsevier, Amsterdam, 
1950. 


4 Maryott and Smith, ‘‘ Table of Dielectric Constants of Pure Liquids,’’ Nat. Bur. of Stds. Circular 
514, Washington, issued Aug. 10th, 1951. 


812. Cyclopentadienes, Fulvenes, and Fulvalenes. Part I. 
A Hexaphenylfulvalene. 
By P. L. Pauson and B. J. WILLIAMs. 
2,3,4,2’,3’,4’-Hexaphenylfulvalene, regarded as the tvams-isomer, has 
been obtained from 1,2,3-triphenylcyclopentadiene by way of its diazo-, 5,5- 
dibromo-, or lithium derivative. The preparation of the starting material 
has been improved. 
INTEREST in fulvalene derivatives was stimulated by Brown’s theoretical work! on this 
system. After our own unsuccessful attempt,? preparations of fulvalene have been 


1 Brown, Trans. Faraday Soc., 1950, 46, 146; Nature, 1950, 165, 566. 
2 Kealy and Pauson, Nature, 1951, 168, 1039. 








4154 Pauson and Williams: Cyclopentadtenes, 


reported by Doering,’ by De More, Pritchard, and Davidson,* and more doubtfully by 
Kosower and Ramsay.5 In each case only dilute solutions have been obtained and 
evidence has been provided ** that the compound is not sufficiently stable to permit 
isolation under ordinary conditions. It therefore remains of interest to prepare more 
complex fulvalenes, in order to establish the degree of substitution necessary to produce 
stability, and for study of the chemical properties of the simplest stable derivatives. 

Of the few known derivatives the simplest are fluorenylidenecyclopentadiene ® and 
2,3,4,5-tetraphenylfulvalene.? Others ®® are so heavily substituted that they cannot be 
even approximately planar about the central double bond. In the present paper we 
describe the ready formation from 1,2,3-triphenylcyclopentadiene of a hexaphenylfulvalene. 
In view of its ease of formation, particularly in contrast with the experiments with 1,2,4- 
triphenylcyclopentadiene described in the following paper, we regard this product as the 
relatively unhindered (and hence presumably near-planar) frans-isomer (I) of 2,3,4,2’,3’,4’- 
hexaphenylfulvalene. 


Ph OH 





The previous synthesis ! of 1,2,3-triphenylcyclopentadiene was improved by condens- 
ing the methiodide of 6-dimethylaminopropiophenone rather than 6-chloropropiophenone 
with deoxybenzoin. This afforded the intermediate 1,2,5-triphenylpentane-1,5-dione in 
76% yield. However, pinacol reduction of this diketone failed to give consistent yields of 
crystalline 1,2,3-triphenylcyclopentane-1,2-diol greater than 50%. An alternative 
method was developed in which 4-hydroxy-2,3,4-triphenylcyclopent-2-enone (II), obtained 
by an improved procedure from benzil and phenylacetone, was reduced first with hydriodic 
acid ! to 2,3,4-triphenylcyclopent-2-enone, and then with borohydride to the correspond- 
ing alcohol. The latter, presumably a mixture of both epimers, was smoothly dehydrated 
by alcoholic hydrogen chloride. 

Conversion of 1,2,3-triphenylcyclopentadiene into the fulvalene (I) was first observed 
during an unsuccessful attempt ! to prepare 1,2,3,1’,2’,3’-hexaphenylferrocene. In this 
experiment methyl-lithium, prepared in ether from methyl iodide, was allowed to react 
with the cyclopentadiene, and anhydrous ferric chloride was then added. The ferric 
chloride reacts in ether with the lithium iodide present, to liberate iodine, and we find 
that the latter itself converts the cyclopentadienyl]-lithium into the product (I). Oxygen 
effected the same conversion. The direct formation of this compound from both these 
reactions is striking. It contrasts with the isolation at the corresponding stage in the 
unsubstituted series * of dihydrofulvalene, which had then to be converted into a lithium 
derivative and oxidised again to introduce the central double bond. 


Doering, in ‘‘ Theoretical Organic Chemistry,’’ Butterworths, London, 1958. 

De More, Pritchard, and Davidson, J]. Amer. Chem. Soc., 1959, 81, 5874. 

Kosower and Ramsay, J. Amer. Chem. Soc., 1959, 81, 856. 

Courtot, Ann. Chim. Phys., 1915, 4, 218. 

Schreiber and Becker, J. Amer. Chem. Soc., 1954, 76, 3354, 6125. 

Bergman in Cook, ed., ‘‘ Progress in Organic Chemistry,” Vol. III, Butterworths, London, 1955. 
McBee, Roberts, and Idol, J. Amer. Chem. Soc., 1955, 77, 4942. ‘ 

Pauson, ]. Amer. Chem. Soc., 1954, 76, 2187. 

1 Koelsch and Geissman, J. Org. Chem., 1938, 3, 480. 
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An alternative route consisted of converting triphenylcyclopentadiene into its azo- 
derivative * (III). But whereas De More e¢ al.4 converted diazocyclopentadiene into 
fulvalene by low-temperature irradiation, its triphenyl derivative (III) readily decomposed 
to the correspondingly substituted fulvalene (I) in boiling alcohol. 


Ph 


Ph Ph 
Ph is i ">i . nL < 
= <_ = “Re 
Ph — Ph Ph - 


1,2,3-Triphenylcyclopentadiene with one mol. of bromine in carbon disulphide afforded 
the 5-bromo-derivative (IV; R =H). Use of N-bromosuccinimide or of two mol. of 
bromine afforded the 5,5-dibromo-compound (IV; R= Br). The latter is also formed 
by disproportionation when the former (IV; R =H) is refluxed in benzene. This 
presumably accounts both for the fact that only the dibromo-derivative was isolated when 
one mol. of N-bromosuccinimide (in boiling carbon tetrachloride) was employed, and for 
the formation of some fulvalene (I) by the action of zinc dust in boiling benzene on the 
monobromide (IV; R =H). But whereas similar treatment with copper converted the 
dibromotriphenylcyclopentadiene (IV; R = Br) exclusively into the hexaphenylfulvalene 
(I), the monobromo-compound (IV; R =H) affords a mixture of this compound and 
the expected 9,10-dihydro-derivative. The latter resembles 1,2,3-triphenylcyclopentadiene 
in its ultraviolet and infrared spectra. The use of zinc dust in ethanol, in place of benzene, 
leads to reductive debromination of the dibromo-compound to the parent cyclopentadiene. 
1,2,3-Triphenylcyclopentadiene with an excess of bromine affords the 4,5,5-tribromo- 
derivative. 


EXPERIMENTAL 


Nitrogen was used as an inert atmosphere in all experiments involving the use of lithium 
alkyls and aryls. Spence’s grade H and May and Baker’s activated alumina were used for 
chromatography. Infrared spectra were measured for potassium chloride discs unless other- 
wise stated. Ultraviolet spectra were measured for chloroform solutions unless otherwise 
stated. M. p.s were determined in sealed evacuated tubes. 

8-Dimethylaminopropiophenone Methiodide.—Methyl] iodide (16-9 g., 0-12 mole) in ether 
(50 ml.), added to §-dimethylaminopropiophenone (20-5 g., 0-12 mole) in cold 3:1 ether- 
benzene (200 ml.), precipitated the methiodide (27-8 g.), flakes (from methanol), m. p. 261— 
264° (decomp.) (Found: C, 45-0; H, 5-5; N, 4:5. C,,H,,INO requires C, 45-1; H, 5-7; 
N, 4:4%). 

1,2,5-Triphenylpentane-1,5-dione.—Sodium hydroxide (15-0 g., 0-37 mole) in methanol 
(150 ml.) was added to deoxybenzoin (58-8 g., 0-3 mole) and 6-dimethylaminopropiophenone 
methiodide (95-7 g., 0-3 mole) in methanol (750 ml.), and the mixture refluxed for 36 hr., then, 
while still warm, acidified with acetic acid, filtered, and left overnight. The buff-coloured 
crystals of 1,2,5-triphenylpentane-1,5-dione were filtered off and washed with cold methanol 
(yield 75-0 g., 76%; m. p. 95°). 

4-Hydroxy-2,3,4-triphenylcyclopent-2-enone.—Benzil (21-0 g., 0-1 mole) and phenylacetone 
(26-8 g., 0-2 mole) in absolute alcoholic 0-5% potassium hydroxide (250 ml.) were kept at room 
temperature for a week. The crystalline precipitate (14-5 g., 44-5%), when filtered off and 
washed with cold ethanol, had m. p. 166—167° (lit.,1! 164—165°). ‘ 

2,3,4-Triphenylcyclopent-2-en-1-ol.—Sodium borohydride (9-0 g.) in water (100 ml.) was 
added to 2,3,4-triphenylcyclopent-2-en-l-one (8-9 g.) in dioxan (300 ml.) and the mix- 
ture left for 3 days at room temperature. The yellow solution became colourless. It was 
concentrated under reduced pressure, poured into water, and extracted with ether. The 
extract was dried (Na,SO,) and evaporated to give 2,3,4-triphenylcyclopent-2-en-1-ol as a colour- 
less oil (9-0 g.), almost certainly a mixture of epimers, vp,x, 3571 and 3448 (OH) cm.7}. 


= 


1,2,3-Triphenylcyclopentadiene.—Concentrated hydrochloric acid (22-5 ml.) was added to 





12 Doering and De Puy, J. Amer. Chem. Soc., 1953, 75, 5955. 
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2,3,4-triphenylcyclopent-2-en-l-ol (9-0 g.) in ethanol (225 ml.). Crystals appeared and the 
mixture was refluxed for 1 hr. After cooling, 1,2,3-triphenylcyclopentadiene was filtered off 
as colourless needles (6-2 g.), m. p. and mixed m. p. with an authentic sample !° 165—165-5°. 

5-Diazo-1,2,3-triphenylcyclopentadiene.—1,2,3-Triphenylcyclopentadiene (1-18 g., 0-004 mole) 
in benzene (50 ml.) was added dropwise to phenyl-lithium (0-004 mole) in ether, and the mixture 
was refluxed for 2 hr., allowed to cool, added during 1 hr. to a stirred solution of toluene-p- 
sulphonyl azide (0-87 g., 0-004 mole) in ether (5 ml.), and stirred overnight. The yellow 
precipitate was filtered off and washed with ether. The organic solution was washed with 
water, dried (Na,SO,), and evaporated, giving a red-brown solid (1-4 g.). This was chromato- 
graphed in benzene. The main yellow band was eluted with benzene and yielded an orange 
solid (0-6 g.). This recrystallised from cyclohexane as orange-red plates of 5-diazo-1,2,3-tri- 
phenylcyclopentadiene, m. p. 165—167° (decomp.) (Found: C, 86-5; H, 5-3; N, 8-8. C,3Hi.N, 
requires C, 86-2; H, 5-0; N,8-7%), Vmax, 2083 cm. (diazo). This compound decomposes partially 
on recrystallisation from organic solvents. 

5-Bromo-1,2,3-triphenylcyclopentadiene.—To 1,2,3-triphenylcyclopentadiene (7-0 g., 0-024 
mole) in carbon disulphide (276 ml.), bromine (3-80 g., 0-024 mole) in carbon disulphide (276 ml.) 
was added in 1 hr. Next morning the solvent was evaporated, to yield a yellowish-brown 
solid. Recrystallisation from light petroleum (b. p. 60—80°) afforded yellow-brown plates of 
5-bromo-1,2,3-triphenylcyclopentadiene (5-3 g.), m. p. 147° (decomp.) (Found: C, 74:5; H, 4-6; 
Br, 21-3. C,,;H,,Br requires C, 74:0; H, 4-6; Br, 21-4%). 

5,5-Dibromo-1,2,3-triphenylcyclopentadiene.—(a) 1,2,3-Triphenylcyclopentadiene (0-75 g., 
0-0025 mole) and N-bromosuccinimide (0-55 g., 0-003 mole) in carbon tetrachloride (25 ml.) 
were heated under reflux for 2 hr. The precipitated succinimide was filtered from the cooled 
solution, and the solvent was evaporated to yield a brown solid. MRecrystallisation from 
cyclohexane afforded pale yellow needles of 5,5-dibromo-1,2,3-triphenylcyclopentadiene (0-41 g.), 
m. p. 198° (Found: C, 61-4; H, 3-9; Br, 35-6. C,,;H,,Br, requires C, 61-1; H, 3-6; Br, 35-4%). 

(6) 1,2,3-Triphenylcyclopentadiene (0-01 mole) and bromine (0-02 mole) in carbon disulphide 
(240 ml.) gave, in 3 hr., the dibromo-derivative (3-6 g.), m. p. and mixed m. p. 198°. 

(c) 5-Bromo-1,2,3-triphenylcyclopentadiene (1-2 g.) in benzene (40 ml.) was refluxed over- 
night. The solvent was evaporated to give a dark brown solid. Recrystallisation from acetone 
afforded yellow needles of the 5,5-dibromo-derivative (0-5 g.), m. p. and mixed m. p. 198°. 

Reaction of 5,5-Dibromo-1,2,3-triphenylcyclopentadiene with Zinc and Ethanol.—A mixture of 
zinc dust (7-0 g., 0-11 g.-atom) and 5,5-dibromo-1,2,3-triphenylcyclopentadiene (0-5 g., 0-0011 
mole) in ethanol (50 ml.) was refluxed for 4 hr. The solution was filtered from zinc which was 
washed with boiling ethanol. The combined ethanolic solutions were evaporated to a small 
volume. 1,2,3-Triphenylcyclopentadiene (0-09 g.) crystallised and had m. p. 164—165° (mixed 
m. p. 165—166°). 

4,5,5-Tribromo-1,2,3-triphenylcyclopentadiene.—Bromine (2-6 g., 0-0165 mole) in carbon 
disulphide (70 ml.) was added in portions to 1,2,3-triphenylcyclopentadiene (1-61 g., 0-0055 
mole) in carbon disulphide (70 ml.)._ The solution was left for 2 hr., then evaporated to yield a 
brown solid. After this had been dried over soda-lime in vacuo, ethanol was added and the yellow 
solid (1-98 g.) was filtered off. Recrystallisation from cyclohexane gave 4,5,5-tribromo-1,2,3- 
triphenylcyclopentadiene as yellow needles, m. p.- 184—186° (Found: C, 52-3; H, 3-0; Br, 45-3. 
C,3H,,;Br, requires C, 52-0; H, 2-9; Br, 45-2%). 

2,3,4,2’,3’,4’-Hexaphenylfulvalene (1).—(a) 1,2,3-Triphenylcyclopentadiene (1-47 g., 0-005 
mole) in benzene (30 ml.) was added to butyl-lithium (0-005 mole) in ether, and the mixture was 
refluxed for 2 hr. After cooling, iodine (1-27 g.,,0-005 mole) in ether was added dropwise and 
the mixture stirred overnight. Water was added and the organic layer was separated, washed 
with sodium thiosulphate solution, and dried (Na,SO,). Evaporation yielded a dark coloured 
solid (1-43 g.). This was chromatographed in benzene. The main yellow-green band was 
eluted with benzene and recovered, yielding 2,3,4,2’,3’,4’-hexaphenylfulvalene as a dark yellow- 
green solid. Recrystallisation from benzene or acetone gave dark khaki needles, m. p. 279— 
282° (Found: C, 94:2; H, 5-7. Cy,gH 3. requires C, 94-5; H, 5-5%), Amax, 264 and 412 my (log « 
4-48 and 4-51). The compound dissolves in benzene to a red solution with a strong green 
fluorescence. It gives a characteristic, intense blue colour with sulphuric acid; ultraviolet 
maxima in this solvent appear at 212, 290, 336, 394, 464, 580, and 655 muy (log ¢ 4-66, 4-20, 4-09, 
4-11, 4-15, 4-72, and 4-38). 

In a similar experiment an intermediate iodine-containing compound, m. p. 110° (decomp.), 
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was isolated. Attempts to purify it by recrystallisation caused decomposition (Found: C 
61-3; H, 4-3. Calc. for C,3H,,I: C, 65-7; H, 4:1%). It had Aggy 252 my (log e 4-30). 

(6) To phenyl-lithium (0-01 mole) in ether 1,2,3-triphenylcyclopentadiene (2-94 g., 0-01 mole) 
in benzene (70 ml.) was added, and the mixture was refluxed for 2 hr. After cooling, dry 
oxygen was passed into the mixture for 2} hr. The solution cleared and then gradually 
darkened. It was poured into water, and the organic layer was separated and dried (Na,SO,). 
Removal of the solvent left a dark brown gum (3-4g.). An infrared spectrum of this showed 
maxima in the carbonyl stretching region at 1773 and 1695 cm.-!. The gum was chromato- 
graphed in benzene. The main yellow-green band was eluted with benzene, to give a dark red 
solution which had a strong green fluorescence. Evaporation gave a dark green-brown solid 
(0-65 g.). Recrystallisation from acetone afforded dark khaki needles of 2,3,4,2’,3’,4’-hexaphenyl- 
fulvalene, m. p. 279—282°. Other fractions from the column yielded only intractable gums. 

(c) 5-Diazo-1,2,3-triphenylcyclopentadiene (5-0 g.) in ethanol (800 ml.) was heated to the 
b. p. After 3—4 hr. a brownish-green solid separated and was filtered off (m. p. ca. 260°). 
Recrystallisation from acetone gave khaki needles of 2,3,4,2’,3’,4’-hexaphenylfulvalene, m. p. 
279—282°. 

(d@) Copper powder (15-8 g., 0-25 g.-atom) was refluxed with 5,5-dibromo-1,2,3-triphenyl- 
cyclopentadiene (2-3 g., 0-005 mole) in benzene (100 ml.) overnight. The solution became dark 
red with a strong green fluorescence. The copper powder was filtered off and washed with hot 
benzene. The benzene extracts were combined, washed with water, dried (Na,SO,), and 
evaporated. The resulting dark solid was chromatographed in benzene. The main yellowish- 
green band was eluted with benzene and obtained as a dark brown solid (0-7 g.)._ Recrystallis- 
ation from acetone afforded dark greenish-yellow needles of 2,3,4,2’,3’,4’-hexaphenylfulvalene, 
m. p. 279—281°. 

The infrared and ultraviolet spectra of samples prepared by each of the above methods were 
identical. 

2,3,4,2’,3’,4’-Hexaphenylbi(cyclopenta-2,4-dienyl).—Zinc dust (4-8 g:, 0-074 g.-atom) was re- 
fluxed with 5-bromo-1,2,3-triphenylcyclopentadiene (1-1 g., 0-003 mole) in benzene (75 ml.) over- 
night. The solution became dark red with a strong green fluorescence. The zinc dust was filtered 
off and washed with hot benzene. The benzene solutions were combined, washed with water, 
dried (Na,SO,), and evaporated. Fractional crystallisation of the brown solid (0-8 g.) from 
acetone gave two compounds. The less soluble (2,3,4,2’,3’,4’-hexaphenylfulvalene) was 
obtained as dark khaki needles, m. p. and mixed m. p. 279—282°. The other, the bi(cyclo- 
pentadienyl), (1,1’-dihydro-2,3,4,2’,3’,4’-hexaphenylfulvalene) crystallised in pale yellow needles, 
m. p. 268-5—270° (Found: C, 94:0; H, 6-0. C,,H,, requires C, 94-1; H, 5-9%), Amax. at 264, 324, 
and 366 mu. 
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813. Cyclopentadienes, Fulvenes, and Fulvalenes. Part II 1,1'-Di- 
hydro-2,3,5,2',3',5'-hexa- and  1,1’-Dihydro-2,3,4,5,2’,3’,4’ ,5’-octa- 
phenylfulvalenes. 


By P. L. Pauson and B. J. WILLIAMs. 


Methods described in the preceding paper that gave fulvalenes from 1,2,3- 

triphenylcyclopentadiene, yielded only dihydrofulvalenes or derivatives of 

these when applied to 1,2,4-tri- and 1,2,3,4-tetra-phenylcyclopentadiene. 

Attempts to convert these into fulvalenes failed. This is attibuted to steric 

factors. 
THE ready formation! of 2,3,4,2’,3’,4’-hexaphenylfulvalene prompted attempts to use 
the same methods with 1,2,4-triphenyl- and 1,2,3,4-tetraphenyl-cyclopentadiene. How- 
ever, both these compounds were readily converted into the corresponding 1,1’-dihydro- 
fulvalenes [bi(cyclopenta-2,4-dienyls)] (I and II), and attempts to convert these into 
substituted fulvalenes failed. The most striking difference between these two compounds 
and that of the preceding paper 1 is the steric crowding about the 1,1’-bond in the former 
pair. Coplanarity of the 2,5,2’,5’-substituents is impossible and accounts, we believe, for 
our inability to introduce a iY double bond. 

In contrast to its isomer! which affords the corresponding fulvalene in each case, 
1,2,4-triphenylcyclopentadiene is converted into the 1,1’-dihydrofulvalene (I; R = H; 
isomer “‘A’’) when its lithio-derivative is treated with iodine or oxygen, or when 

s 5-bromo-derivative is debrominated with zinc in boiling benzene. Its dibromo- 
derivative ? yields a dibromodihydrofulvalene. If the starting material is 5,5-dibromo- 
1,2,4-triphenylcyclopentadiene as expected, then this must be the 1,1’-dibromo-1,1’-di- 
hydro-compound ([; R = Br; isomer A), and the lack of reactivity of its bromine atoms 


Ph Ph Ph Ph Ph o 
Zr ASPh ie H Ph "> *3 se, < 
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despite their allylic position must be due to steric hindrance. Alternative positions for 
the bromine atoms in both compounds cannot, however, be ruled out with certainty on the 
available evidence. 1,2,3,4-Tetraphenylcyclopentadiene behaved very similarly, yield- 
ing the corresponding dihydrofulvalene ( iT) when its 5-halogeno-derivatives were 
dehalogenated with zinc in benzene, but its 5,5-dibromo-derivative did not give a readily 
isolable product. 

When 1,2,3,4-tetraphenylcy clopentadieny]- lithium was treated with iodine, only 5-iodo- 
1,2,3,4-tetraphenylcy clopentadiene 3 was isolated and analogous iodo-derivatives may be 
intermediate in the corresponding reactions in both the 1,2,3- and the 1,2,4-triphenyl 
series. A more notable difference from these less highly substituted compounds was 
observed when the same lithio-derivative was treated with oxygen. Tetracyclone was the 
only product isolated, rather than a fulvalene or dihydrofulvalene. The same behaviour 
was encountered with the dihydrohexaphenylfulvalene (I; R =H) which is likewise a 
tetrasubstituted cyclopentadiene derivative. Its monolithio-derivative (obtained by use 
of phenyl-lithium) was oxygenated in one ring to afford the cyclopentadienone derivative 
(III, or a tautomer thereof), and its dilithio-derivative (obtained by use of n-butyl-lithium) 
gave the symmetrical bi-compound (IV). This behaviour contrasts with the reaction of 


1 Part I, preceding paper. 
2 Newman, Annalen, 1898, 302, 237. 
8 Kainer, Annalen, 1952, 578, 232. 
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oxygen with the dilithio-derivative of unsubstituted dihydrofulvalene, which resulted in 
the first synthesis of fulvalene.* 

Bromination of the dihydrohexaphenylfulvalene (IA; R =H) afforded a dibromo- 
compound (isomer B) which differed from the isomer (A) described above. Since carbon-1l 
and -1’ in compound (I) are asymmetric and equivalent, a meso- and a racemic form are 
expected. It is not known with certainty whether the compounds isolated are the two 
stereoisomers or whether one is a position isomer (e.g., the 1,4’-dibromo-1,4’-dihydro- 
compound derivable by allylic rearrangement). The dibromo-compound (isomer B) was 
subjected to three debromination procedures. Copper in benzene gave intractable 
products. Sodium iodide in acetone did not result in the desired debromination, but led 
instead to reductive debromination giving a dihydrohexaphenylfulvalene isomeric 
(isomer B) with the product (isomer A) mentioned above; again these may be either 
steroisomers or position isomers. Zinc dust in ethanol likewise led to reductive debromin- 
ation but afforded isomer A. Reduction was expected in the latter case, having been 
observed with 5,5-dibromo-1,2,3-triphenylcyclopentadiene.1 The same behaviour of 
the halogenated 1,2,4-tri- and 1,2,3,4-tetra-phenylcyclopentadienes has also been 
demonstrated. 

Finally 5-diazo-1,2,4-triphenylcyclopentadiene has been prepared, but unlike its 
isomer,! failed to give the desired fulvalene or other tractable products on thermal 
decomposition. 


EXPERIMENTAL 
For general remarks see Part I. 

5-Bromo-1,2,4-triphenylcyclopentadiene.—A mixture of 1,2,4-triphenylcyclopentadiene (1-51 
g., 0-005 mole) and N-bromosuccinimide (1-09 g., 0-006 mole) in carbon tetrachloride (50 ml.) 
was refluxed for 2 hr. After cooling, the precipitated succinimide was filtered off, and the red 
filtrate was evaporated. The residue crystallised from cyclohexane, to give 5-bromo-1,2,4-tri- 
phenylcyclopentadiene as bright red cubes (1-3 g.), m. p. 133—134°. TRecrystallisation raised 
the m. p. to 140—141° (Found: C, 73-9; H, 5-0; Br, 21-5. (C,;H,,Br requires C, 74:0; H, 
4-6; Br, 21-4%). 

The 5,5-dibromo-derivative obtained from the hydrocarbon with bromine ? had m. p. 159— 
160° (lit.,2 157°) and was recovered unchanged after 2 hours’ refluxing with N-bromosuccinimide 
in carbon tetrachloride. 

1,1’- Dihydro -2,3,5,2’,3’,5’-hexaphenylfulvalene [2,3,5,2’,3’,5’ - Hexaphenylbi(cyclopenta- 2,4- 
dienyl)] (1; R = H; isomer A).—(a) By reaction between 1,2,4-triphenylcyclopentadienyl-lithium and 
iodine. 1,2,4-Triphenylcyclopentadiene (5-29 g., 0-018 mole) in benzene (100 ml.) was added 
dropwise to a stirred solution of phenyl-lithium prepared from lithium (0-29 g., 0-042 g.-atom) 
and bromobenzene (3-1 g., 0-02 mole) in ether, and the mixture refluxed with stirring for 2 hr. 
After cooling, iodine (4-6 g., 0-018 mole) in ether was added dropwise and the mixture stirred 
overnight. Water was then added and the organic layer separated, washed with sodium 
thiosulphate solution, and dried (Na,SO,). Removal of the solvent gave a red gum (7:3 g.). 
This was dissolved in benzene and chromatographed, giving a single orange band. On elution 
with benzene and evaporation of the solvent a red gum (6-7 g.) was obtained. Acetone was 
added and the mixture was boiled for several minutes. Filtration of the cooled suspension 
yielded 1,1’-dihydvo-2,3,5,2’,3’,5’-hexaphenylfulvalene [2,3,5,2’,3’,5’-hexaphenylbi(cyclopenta-2,4- 
dienyl)|, isomer A (1-2 g.). Recrystallisation from benzene gave pale yellow plates, m. p. 281— 
283° (Found: C, 94-0; H, 5-9. Cy gH ,4 requires C, 94-1; H, 5°8%), Amax, 250 and 356 my (log « 
4-56 and 4-45), very sparingly soluble in most organic solvents in the cold, but dissolving in hot 
benzene or chloroform. 

(b) By reaction between 1,2,4-triphenylcyclopentadienyl-lithium and oxygen. 1,2,4-Tripheny]l- 
cyclopentadiene (4-70 g., 0-016 mole) in dry benzene (150 ml.) was added to a solution of pheny!l- 
lithium [from lithium (0-29 g., 0-042 g.-atom) and bromobenzene (3-14 g., 0-02 mole)] in ether, 
and the mixture was refluxed for 2 hr. After cooling, oxygen was passed into the solution for 
24 hr. The brown mixture was poured into water, and the organic layer was separated and 


“ 


* Doering, in “‘ Theoretical Organic Chemistry,” Butterworth, London, 1958, 
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dried (Na,SO,). Evaporation of the solvent left a dark gum (4-9 g.). The infrared spectrum of 
a solution of this crude product showed a maximum in the carbonyl stretching region at 
1739 cm.?. The gum was chromatographed in benzene. The main yellow ‘band was eluted 
with benzene and recovered as a brown solid (3-0 g.). Acetone was added and filtration gave 
the dihydrohexaphenylfulvalene as a pale yellow solid (1-7 g.), m. p. 281—283° (from benzene). 
Other fractions eluted from the column yielded intractable gums. 

(c) From 5-bromo-1,2,4-triphenylcyclopentadiene. This bromo-compound (1:0 g., 0-0027 
mole) and zinc dust (4-8 g., 0-074 g.-atom) were refluxed in benzene (75 ml.) overnight. The 
mixture was filtered and the residue washed with chloroform. The filtrate was washed with 
water, dried (Na,SO,), and evaporated, yielding a solid (0-94 g.). This was triturated with 
acetone and the undissolved portion (0-2 g.) filtered off. NRecrystallisation from benzene gave 
the pure dihydrohexaphenylfulvalene as pale yellow plates, m. p. and mixed m. p. 281—283°. 

The infared spectra of the products prepared by the above three methods were 
indistinguishable. 

1,1’-Dihydro-2,3,4,5,2’,3’,4’,5’-Octaphenylfulvalene [2,3,4,5,2’,3’,4’,5’-Octaphenylbi(cyclopenta- 
2,-4-dienyl)} (Il) —5-Bromo-1,2,3,4-tetraphenylcyclopentadiene * (4-50 g., 0-01 mole) and zinc 
dust (16-3 g., 0-25 g.-atom) in benzene (200 ml.) were refluxed overnight. The mixture was 
filtered and the residue washed with hot benzene. The combined benzene solutions were 
washed with water, dried (Na,SO,), and evaporated, giving a pale yellow solid (4-0 g.). 
Recrystallisation from ethanol yielded the dihydro-octaphenylfulvalene as pale yellow plates 
m. p. 180—182° (depressed on admixture with tetraphenylcyclopentadiene) (Found: C, 94-1; 
H, 5-9. C;,H4. requires C, 94-3; H, 5-7%), Amax, 250 and 350 my (log ¢ 4-54 and 4-33). 

1,1’-Dibromo-1,1’-dihydro-2,3,5,2’,3’,5’-hexaphenylfulvalene (1; R = Br).—(i) Isomer A. A 
mixture of zinc dust (16-2 g., 0-25 g.-atom) and 5,5-dibromo-1,2,4-triphenylcyclopentadiene 
(2-26 g., 0-005 mole) in benzene (100 ml.) was refluxed overnight, then filtered, and the residue 
was washed with hot benzene. The benzene extracts were combined, washed with water, and 
dried (Na,SO,); evaporation yielded a pale yellow solid (1-9 g.). Digesting this with acetone 
left an insoluble colourless solid (0-23 g.) that, recrystallised from cyclohexane, afforded the 
dibromodihydrohexaphenylfulvalene as colourless needles, m. p. 174:5—175-5° (Found: C, 74-9; 
H, 5-0; Br, 21-2. C,,H;,Br, requires C, 74:2; H, 4-3; Br, 21-5%), Amax, 248, 260, and 334 mu 
(log c, 4-61, 4-61, and 4-38). 

(ii) Isomer B. N-Bromosuccinimide (0-85 g., 0-0048 mole) and 1,1’-dihydro-2,3,5,2’,3’,5’- 
hexaphenylfulvalene (1-2 g., 0-002 mole) were refluxed in carbon tetrachloride (100 ml.) for 
2hr. After cooling, succinimide was filtered off. When the filtrate was evaporated to a small 
volume 1,1’(?)-dibromo-1,1’(?)-dihydro-2,3,5,2’,3’,5’-hexaphenylfulvalene, isomer B, crystallised 
in orange plates (0-54 g.), m. p. 148—151°. Recrystallisation from cyclohexane or acetone 
raised the m. p. to 149-5—151-5° (Found: C, 74-5; H, 4:2; Br, 21-7. C,sH,,Br, requires 
C, 74-2; H, 4-3; Br, 21-5%). The same product resulted (in lower yield) on attempted mono- 
bromination with the same reagent or with bromine in carbon disulphide, the calculated amount 
being used in each case. 

Debromination of 1,1’-Dibromo-1,1’-dihydro-2,3,5,2’,3’,5’-hexaphenylfulvalene (I; R = Br) 
(isomer B).—(a) With copper. To the dibromo-compound (1-27 g., 0-0017 mole), in benzene 
(100 ml.), copper powder (10-9 g., 0-17 g.-atom) was added, and the mixture was refluxed 
overnight. The copper powder was filtered off and washed with hot benzene. The benzene 
solution was orange-yellow with a strong green fluorescence. Evaporation gave an orange solid 
(1-07 g.). This was chromatographed in light petroleum—benzene (1:3). Two orange bands 
were developed. Evaporation of the solutions obtained on elution yielded intractable orange 
gums (0-53 and 0-28 g.). 

(b) With sodium iodide. Sodium iodide (1-17 g., 0-0078 mole) in acetone (50 ml.) was added 
to the dibromo-compound (2-24 g., 0-003 mole) in acetone (250 ml.). The solution darkened 
immediately and a white precipitate was formed. The mixture was refluxed for 5 hr. On 
evaporation to a small volume pale yellow 1,1’(?)-dihydro-2,3,5,2’,3’,5’-hexaphenylfulvalene, 
isomer B (0-6 g.), crystallised, having m. p. 262—264°. Several recrystallisations from cyclo- 
hexane raised the m. p. to 279—280° (depressed on admixture with isomer A) (Found: C, 94-1; 
H, 5-9%; M, 576. C,H, requires C, 94:2; H, 5-8%; M, 586), Amax, 248 and 320 my (log ¢ 4-69 
and 4-56). The acetone filtrate afforded a brown solid (1-0 g.), resolved into several non- 
crystalline fractions on chromatography. 

Zinc—Ethanol Debrominations.—Solutions of each of the compounds (0-002 moles) were 
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refluxed overnight in ethanol (ca. 100 ml.) with an excess (0-01—0-2 g.-atom) of zinc dust. 
The products were worked up by pouring the mixtures into water, extracting them with chloro- 
form, and evaporating the washed and dried (Na,SO,) extracts. 5-Bromo- and 5,5-dibromo- 
1,2,4-triphenylcyclopentadiene, 5-bromo-1,2,3,4-tetraphenylcyclopentadiene and 1,1’-dibromo- 
1,1’-dihydro-2,3,5,2’,3’,5’-hexaphenylfulvalene (isomer B) yielded 1,2,4-triphenylcyclopentadiene 
(m. p. 149°; from ethanol), 1,2,3,4-tetraphenylcyclopentadiene (m. p. 178°, from ethanol), and 
1,1’-dihydro-2,3,5,2’,3’,5’-hexaphenylfulvalene (isomer A, m. p. 274—276°), respectively. Yields 
were excellent and the products were identified by mixed m. p.s or comparison of infrared 
spectra. 

Reaction between Tetraphenylcyclopentadiene, Phenyl-lithium, and Iodine.—1,2,3,4-Tetra- 
phenylcyclopentadiene (2-78 g., 0-0075 mole) in benzene (50 ml.) was added dropwise to a 
stirred solution of phenyl-lithium [from lithium (0-12 g., 0-017 g.-atom) and bromobenzene 
(1-3 g., 0-0084 mole)] in ether. The mixture was refluxed for 2 hr., then cooled in ice. Iodine 
(0-95 g., 0-0075 g.-atom) in ether (50 ml.) was added dropwise, and the mixture was stirred over- 
night. The red mixture was poured into water, and the benzene layer was separated and 
washed with sodium thiosulphate solution. After drying (Na,SO,), evaporation of the solvent 
gave a yellow solid (3-1 g.), m. p. 147—150° (decomp.). Recrystallisation from acetone yielded 
5-iodo-1,2,3,4-tetraphenylcyclopentadiene as yellow needles, m. p. 163—165° (decomp.) 
(Found: C, 69-7; H, 4-5; I, 25-9. Calc. for C,.H,,I: C, 70-1; H, 4-3; I, 25-6%). 

Reaction between 1,.1’-Dihydro-2,3,5,2’,3’,5’-hexaphenvlfulvalene, Phenyl-lithium, and Oxygen. 

-A solution of the hydrocarbon, isomer A (5-46 g., 0-0093 mole), in benzene (200 ml.) was 
added dropwise to a solution of phenyl-lithium [from lithium (0-30 g., 0-043 g.-atom) and 
bromobenzene (3-2 g., 0-02 mole)] in ether and the mixture was refluxed for 3hr. After cooling, 
dry oxygen was passed into the mixture which rapidly became dark red. Water was then added 
and the organic layer separated, dried (Na,SO,), and evaporated. The residue, a dark solid, 
was dissolved in benzene and chromatographed. Two bands were obtained, and were eluted 
with benzene: (a) A pale yellow band which yielded starting material. (b) A purple band 
which gave a dark red solid (0-3 g.). Recrystallisation from methanol gave dark red cubes, 
m. p. 193—195°, believed to be 2,3,5-triphenyl-4-(2,3,5-triphenylcyclopenta-2,4-dienyl)cyclopenta- 
dienone (III) (Found: C, 91-6; H, 5-8. C,,H;,O requires C, 91-9; H, 5-4%), vax 1715 cm. 
(C=O), Amax, 258 and 342 my (log ¢ 4-59 and 4-34). A solution of the compound in ether was 
instantly decolorised on addition of lithium aluminium hydride or phenyl-lithium solution. 

Reaction between  1,1’-Dihydvo-2,3,5,2’,3’,5’-hexaphenylfulvalene, Butyl-lithium and 
Oxygen.—The hydrocarbon, isomer A (5-27 g., 0-009 mole), in benzene—tetrahydrofuran (100 ml.; 
1: 3) was added dropwise to a solution of butyl-lithium (0-018 mole) in ether, and the mixture 
was refluxed for 4 hr. After cooling, dry oxygen was passed into the mixture for 1 hr. The 
dark red mixture was poured into water, and the organic layer was separated and dried 
(Na,SO,). Evaporation gave a dark solid (6-6 g.). This was chromatographed in benzene. 
Two bands were eluted with benzene: (a) An orange-brown band Which yielded a brown solid 
(1-2 g.). Recrystallisation from benzene gave unchanged material. (b) A dark red band 
which gave a deep red solid (0-7 g.) that, recrystallised from ethanol and then from cyclohexane, 
gave dark red plates (almost black), m. p. 235-5—-237°, believed to be 3,3’-dioxo-2,4,5,2’,4’,5’- 
hexaphenylbi(cyclopentadienyl) (IV) (Found: C, 90-1; H, 5-4. Cy gH 3,0, requires C, 89-9; H, 
4:9%), Vmax, 1715 cm. (C=O), Amax, 262, 376, and 554 my (log ¢ 4-62, 4-14, and 2-31). An ethereal 
solution of this compound was rapidly decolorised on the addition of phenyl-lithium or lithium 
aluminium hydride solution. 

Reaction between Tetraphenylcyclopentadiene, Phenyl-lithium, and Oxygen.—To phenyl- 
lithium (0-0075 mole) in ether 1,2,3,4-tetraphenylcyclopentadiene (2-77 g., 0-0075 mole) in 
benzene (100 ml.) was added dropwise, and the mixture was refluxed for 2 hr. Dry oxygen 
was passed into the cooled solution which soon became dark red. After a further 7 hr. the 
mixture was poured into water. The organic layer was separated, dried (Na,SO,), and 
evaporated, to yield a dark red solid (2-9 g.). This was chromatographed in benzene. Two 
bands were eluted with benzene: (a) A pale yellow band yielded unchanged tetraphenylcyclo- 
pentadiene. (b) A purple band gave dark red crystals (1-5g.). Recrystallisation from benzene- 
ethanol gave tetracyclone as dark red clusters, m. p. and mixed m. p. 219—220°. 

5-Diazo-1,2,4-triphenylcyclopentadiene.—To phenyl-lithium in ether [from lithium (0-29 g., 
0-042 g.-atom) and bromobenzene (3-14 g., 0-02 mole)], 1,2,4-triphenylcyclopentadiene (5-29 g., 
0-018 mole) in benzene (100 ml.) was added, and the whole refluxed for 2 hr. After cooling, 
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the mixture was added dropwise in 1 hr. to a stirred solution of toluene-p-sulphonyl azide 
(3-55 g., 0-018 mole) in ether (15 ml.). A yellow precipitate was formed and the solution 
became deep red. The mixture was stirred for a further } hr. The pale yellow precipitate 
was filtered off and washed with ether. The dark red organic solution was washed with water 
and dried (Na,SO,). Evaporation gave a dark red solid (5-65 g.). Recrystallisation from 
methanol yielded 5-diazo-1,2,4-triphenylcyclopentadiene as brick red prisms, m. p. 131—133° 
(decomp.), Vmax. 2088 cm.? (diazo) (Found: C, 86-4; H, 5-4; N, 8-6. (C,.,;H,,N. requires C, 
86-2; H, 5-0; N, 8-7%). This compound (0-1 g.) decomposed with frothing at 140°/0-1 mm. 
in 2 min., as indicated by disappearance of the 2088 cm.! band, but no crystalline product was 
isolated. 


The authors gratefully acknowledge the receipt of a maintenance grant (to B. J. W.) from 
the D.S.I.R. 
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814. Cyclopentadienes, Fulvenes, and Fulvalenes. Part III 
2,3,4-T riphenylcyclopentadienone and Related Products. 


By P. L. Pauson and B. J. WILLIAMs. 


It is shown that 2,3,4-triphenylcyclopentadienone exists as a stable blue 
monomer. The anomalous condensation of 1,2,3-triphenylfulvene with NN- 
dimethyl-p-nitrosoaniline affords the p-dimethylaminoanil of 2-methyl- 
3,4,5-triphenylcyclopentadienone. The preparation of phenylhydrazones of 
substituted cyclopentadienones by reaction of the corresponding diazocyclo- 
pentadienes with phenyl-lithium is reported. 


PREvIOoUS workers have attempted the preparation of numerous cyclopentadienone 
derivatives 2 and have demonstrated the existence of three types: (1) stable monomers, 
exemplified by tetracyclone (I; R! = R? = R? = R*= Ph); (2) those which dimerise 
too rapidly and irreversibly to permit isolation (though not detection) of the monomer, 
best exemplified by the parent compound (I; R! = R? = R§ = R*= H); and (3) those 
of intermediate type showing a temperature-dependent monomer-—dimer equilibrium in 
solution. Allen and Van Allan * tried to define the substitution pattern leading to each of 
these types. Inter al. they concluded that only those trisubstituted cyclopentadienones 


where R! and R¢ (in I) are aryl could belong in class (3) and none could belong in class (1). 


. By ” R' R? R2 one a ona 
> Oo GS RNa Cette, "Le "Cece 
R4 R*R*4O R Ph R 
(1) (Il) (111) (LV) (V) 


Among the key examples supporting these rules 2,3,4-triphenylcyclopentadienone 
(I; R' = R? = R® = Ph, R* = H) was placed in class (2). In our work on 1,2,3-triphenyl- 
cyclopentadiene we found this compound to exist as a stable monomer, in conflict with 
these rules. Our two preparative routes also afforded a dimeric substance, m. p. >310°, 
that may be the substance previously described * as the dimer and said to melt at 258°. 


1 Part II, preceding paper. 
2 Allen, Chem. Rev., 1945, 37, 209; de Puy and Lyons, J. Amer. Chem. Soc., 1960, 82, 631; Hafner 
and Goliasch, Angew. Chem., 1960, 72, 781. 
3 Allen and Van Allan, J. Amer. Chem. Soc., 1950, 72, 5165. 
* Geissmann and Koelsch, J. Org. Chem., 1938, 3, 489. 
® Ziegler and Schnell, Aunalen, 1925, 445, 266. 
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However, its infrared spectrum clearly eliminates the usual structure (II) of the dimers in 
class (2) and our attempts to convert the monomer into this dimer or vice versa were 
unsuccessful. 

By analogy with Ziegler and Schnell’s original preparation ® of tetracyclone, 1,2,3-tri- 
phenylcyclopentadiene was converted into the dienone (I; R! = R? = R* = Ph, R4 = 
H) through its p-dimethylaminoanil (III; R =H). On hydrolysis with hydrochloric acid 
this anil afforded a green solid, resolved by chromatography into the above-mentioned 
‘ dienone dimer ”’ and the bright blue monomeric ketone (I; R! = R? = R? = Ph, R* = 
H). A similar mixture was obtained when dehydration of the hydroxy-ketone (IV) by 
Geissmann and Koelsch’s method * was repeated. The nature of the “ dimer ”’ is being 
investigated. 

In the tetrapheny]l series, the anil (III; R = Ph) may be obtained, not only from the 
corresponding cyclopentadiene, but also ™ from the fulvene (V; R= Ph, R’ = H) by 
condensation with NN-dimethyl-f-nitrosoaniline. This unusual reaction must involve 
liberation of formaldehyde. When 1,2,3-triphenylfulvene (V; R = R’ = H) was treated 
with NN-dimethyl-p-nitrosoaniline in presence of piperidine the product was not the expected 
anil (III; R = H), but its homologue (III; R= Me). Its formation must involve, not 
only condensation at the vacant 4-position of the fulvene (V; R= R’ = H), but also 
reduction. The new anil (III; R = Me) was characterised by hydrolysis to the known ® 
2-methyl1-3,4,5-triphenylcyclopentadienone (I; R!= Me, R? = R® = R*= Ph). The 
intermediate fulvene (V; R = R’ = H) and its phenyl derivative (V; R =H, R’ = Ph) 
were readily obtained by condensing 1,2,3-triphenylcyclopentadiene with paraformaldehyde 
and benzaldehyde respectively. 

In the course of this work we also prepared the hitherto unknown phenylhydrazones 
(VII; R = Ph and H) through the diazocyclopentadienes (VI). Although the formation 
of a f-nitrophenylhydrazone from tetracyclone has been reported,* we were unable to 
obtain the unsubstituted derivative (VII; R = Ph) under the same conditions, confirming 


Ph Ph Ph 
Ph smi 1,2 Phr= N-NHPh Ph H 
K 7 ° RL R N=NPh 
Ph Ph Ph 
(V1) (VII) V1II) 
|, PhLi; 2, H,O. 


earlier reports that it cannot be obtained directly. Like the I,2,4-triphenyl derivative ! 
(VI; R =H) the diazo-compound (VI; R = Ph) was readily obtained by Doering and 
de Puy’s’:8 method. Both compounds (VI) reacted smoothly with phenyl-lithium. The 
products are formulated as the hydrazones (VII) rather than the tautomeric azo- 
compounds (VIII) on the basis of their ultraviolet and infrared spectra. Attempts to 
convert these phenylhydrazones into the free ketones failed, and our experiments were 
therefore not extended to the 1,2,3-tripheny] series. 


EXPERIMENTAL 


. 


For general remarks see Part I. 
5-p-Dimethylaminoanilino-1,2,3-triphenylcyclopentadiene (II1; R = H).—1,2,3-Triphenyl- 
cyclopentadiene ® (2-94 g., 0-01 mole) and NN-dimethyl-p-nitrosoaniline (2-25 g., 0-015 mole) in 
boiling benzene (50 ml.), were added slowly to a solution of sodium methoxide [from sodium 


5@ Taber, Becker, and Spoerri, J. Amer. Chem. Soc., 1954, '76, 776. 

® Sonntag, Linder, Becker, and Spoerri, J]. Amer. Chem. Soc., 1953, 75, 2283; Josten, Ber., 1938, 
71, 2230. 

7 Doering and de Puy, J. Amer. Chem. Soc., 1953, 75, 5955. 
8 Part I, J., 1961, 4153. . 
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(0-1 g.) and methanol (5 ml.)]. The mixture, which became dark red, was boiled for a further 
10 min. An equal volume of light petroleum was then added, and the mixture set aside over- 
night. The dark red crystals were filtered off and washed with 1-5n-hydrochloric acid until the 
filtrate was colourless, and finally with water. After drying, dark red needles of 5-p-dimethyl- 
aminoanilino-1,2,3-triphenylcyclopentadiene, m. p. 194°, were obtained. Recrystallisation from 
benzene-ligroin did not raise the m. p. (Found: C, 87-2; H, 6-1; N, 6-6. C,,H,,N, requires 
C, 87-3; H, 6-1; N, 6-6%). 

Hydrolysis of 5-p-Dimethylaminoanilino-1,2,3-triphenylcyclopentadiene.—The anil (1-4 g.) 
was added in portions to boiling 20% hydrochloric acid (100 ml.). The added com- 
pound became brownish-yellow and finally green. The mixture was then refluxed for a further 
4} hr. Water was added and the green solid (0-9 g.) was filtered off and chromatographed 
in benzene on alumina. Four coloured bands were obtained: (a) A dark red band, eluted with 
benzene, yielded starting material (0-036 g.). (b) A yellow band, eluted with ether—benzene, 
gave a yellow solid (0-06 g.); this recrystallised from ether to give yellow needles of the 
‘* dienone-dimer,”’ m. p. >310° (Found: C, 89-1; H, 5-5. C4 H;,0, requires C, 89-6; H, 5-2%), 
Vmax, 1672 cm. (C=O). (c) A blue band, eluted with ether—benzene, yielded a solid (0-18 g.); 
recrystallisation from cyclohexane gave blue needles of 2,3,4-triphenylcyclopentadienone, m. p. 
292—294° [Found: C, 89-9; H, 5-5%; M (cryoscopic in benzene), 300. C,3;H,,O requires 
C, 89-6; H, 52%; M, 313], vmax, 1681 cm. (C=O), Amax, 266, 276, 306, 606, and 940 my (log « 
4-17, 4-17, 4-28, 3-28, and 3-01). (d) A red band, eluted with ether—benzene, yielded a brown- 
red uncrystallisable solid (0-06 g.). 

Dehydration of 4-Hydroxy-2,3,4-triphenylcyclopent-2-enone (IV) (cf. Geissman and Koelsch *).— 
The hydroxy-ketone (1-5 g.) in acetic acid (10 ml.) and sulphuric acid (1 ml.) was heated to the 
b. p. with frequent shaking. After 4 hour’s refluxing the dark red mixture was poured into 
water and extracted with ether—benzene. The organic solution was washed to neutrality, 
dried (Na,SO,), and evaporated, to give a dark blue-green solid. This was chromatographed 
in benzene, giving: (a) a yellow band, eluted with benzene—ether, which gave yellow needles 
(0-083 g.) identical in infrared spectrum with the above “‘ dienone-dimer’”’; (b) a blue band, 
eluted with benzene-ether and yielding 2,3,4-triphenylcyclopentadienone (0-33 g.), m. p. 
292—294°. 

Solutions of 2,3,4-triphenylcyclopentadienone are decolorised on addition to solutions of 
Grignard reagents or alkyl- or aryl-lithiums. 

1,2,3-Triphenylfulvene (V; R = R’ = H).—Sodium ethoxide [from sodium (0-7 g., 0-03 g.- 
atom) in ethanol (50 ml.)] was added dropwise to 1,2,3-triphenylcyclopentadiene (1-0 g., 
0-0034 mole) and paraformaldehyde (9-0 g., 0-3 mole) in boiling ethanol (150 ml.). The red 
solution was refluxed for 3 hr. and then evaporated to a small volume, poured into water, and 
extracted with ether. The red extract was dried (Na,SO,) and evaporated to a red gum (1-2 g.). 
This was extracted with boiling light petroleum (b. p. 60—80°) and the extract was chromato- 
graphed on alumina. The main orange band was eluted with light petroleum and recovered, 
giving 1,2,3-triphenylfulvene as bright red needles (0-4 g.), m. p. 151—151-5° unchanged on 
recrystallisation (Found: C, 94-0; H, 6-4. C,,H,, requires C, 94:0; H, 6-0%). The fulvene 
is extremely susceptible to oxidation, and solutions left in contact with the air are rapidly 
decolorised. , 

1,2,3,6-Tetvaphenylfulvene (V; R = H, R’ = Ph).—Sodium methoxide [from sodium (l-1 g., 
0-046 g.-atom) and methanol (60 ml.)] was added dropwise to 1,2,3-triphenylcyclopentadiene 
(1-0 g., 0-0034 mole) and benzaldehyde (2-54 g., 0-024 mole) in boiling methanol (50 ml.). The 
mixture, which became red, was refluxed for a further 4 hr. After cooling, the red crystals of 
1,2,3,6-tetraphenylfulvene were filtered off and washed with methanol (1-2 g.). Recrystallised 
from light petroleum (b. p. 60—80°) they had m. p. 174—175-5° (Found: C, 94-2; H, 5-8. 
CyoHgs requires C, 94:2; H, 5-8%). 

5-p-Dimethylaminoanilino-1-methyl-2,3,4-triphenylcyclopentadiene (111; R = Me).—1,2,3- 
Triphenylfulvene (0-092 g., 0-:0003 mole) and NN-dimethyl-p-nitrosoaniline (0-045 g., 0-0003 
mole) in pyridine (3 ml.) and piperidine (1 ml.) were left at room temperature for 5 days. The 
dark red solution was poured into water and the precipitate filtered off, then chromatographed 
in benzene on alumina. The main purple band was eluted with ether—benzene, and, after 
evaporation of the solvent, gave a purple solid (0-032 g.). Recrystallisation from benzene- 
light petroleum gave 5-p-dimethylaminoanilino-1-methyl-2,3,4-triphenylcyclopentadiene as purple 
needles, m. p. 219—221° (Found: C, 87-1; H, 6-4; N, 6-6. (C,,H.,N, requires C, 87-2; H, 6-4; 
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N, 64%). This compound depressed the m. p. (194°) of 5-p-dimethylaminoanilino-1,2,3-tri- 
phenylcyclopentadiene and had a similar, but not identical, infrared spectrum. 

2-Methyl-3,4,5-triphenylcyclopentadienone (1; R!= Me, R? = R* = R* = Ph).—5-p-Di- 
methylaminoanilino-1-methyl-2,3,4-triphenylcyclopentadiene (0-14 g.) was added slowly to 
boiling hydrochloric acid, the colour changing from deep purple to reddish-brown. Then 
the mixture was refluxed for a further $ hr. and diluted with water. The red-brown solid 
(0-096 g.) was filtered off, washed free from acid, and dried. Recrystallisation from light 
petroleum (b. p. 60—80°) afforded 5-methyl-2,3,4-triphenylcyclopentadienone as red-brown 
rods, m. p. 198—199° (lit.,3 196°) (Found: C, 89-9; H, 5-9. Calc. for C,,H,,O: C, 89-4; H, 
56%), Vmax, 1704 cm.~! (C=O), Amax, 270 and 322 my (log ¢ 4-32 and 3-93). 

Phenylhydvazone (VII; R=H) of 2,3,5-Triphenylcyclopentadienone.—5-Diazo-1,2,4-tri- 
phenylcyclopentadiene (1-92 g., 0-006 mole) in ether (100 ml.) was added dropwise to a stirred 
solution of phenyl-lithium (0-006 mole) in ether. An immediate deep red-violet colour was 
produced. The mixture was stirred for a further 4 hr., then a mixture of ice and dilute hydro- 
chloric acid was added. The organic solution was separated, washed to neutrality, and dried 
(Na,SO,). Evaporation gave a dark brown solid. This crystallised from acetone as red-brown 
needles (0-6 g.) of 2,3,5-triphenylcyclopentadienone phenylhydrazone, m. p. 183° (Found: C, 87:4; 
H, 5-8; N, 7-1. C,gH..N, requires C, 87-4; H, 5-6; N, 7-0%), vmax. 3335 cm.~! (N—-H), Amax 206, 
268, and 418 my (log ¢ 4-56, 4-50, and 4-50). 

5-Diazo-1,2,3,4-tetraphenylcyclopentadiene (VI; R= Ph).—To phenyl-lithium in ether 
from lithium (0-37 g., 0-053 g.-atom) and bromobenzene (3-92 g., 0-025 mole)], a solution of 
1,2,3,4-tetraphenylcyclopentadiene (8-32 g., 0-022 mole) in benzene (200 ml.) was added drop- 
wise. After refluxing for 2 hr., the mixture was cooled and added dropwise in 1 hr. to a stirred 
solution of toluene-p-sulphonyl azide (4-43 g., 0-022 mole) in ether (20 ml.). The colour of the 
mixture changed from yellow to orange-red in 2 hr. Stirring was continued overnight and the 
mixture then filtered and poured into water. The organic layer was separated and dried 
(Na,SO,). Removal of the solvent yielded a dark red solid (8-8 g.). Recrystallisation from 
methanol and then from light petroleum (b. p. 60—80°) gave dark red cubes of 5-diazo-1,2,3,4- 
tetraphenylcyclopentadiene, m. p. 152—154° (decomp.) (Found: C, 87-8; H, 5-4; N, 6-8. 
CygHogN, requires C, 87-8; H, 5-1; N, 7:1%), Vmax, 2088 cm. (diazo), Aggy 255 and 333 my 
(log e, 4-48 and 4-22), insoluble in dilute hydrochloric acid, but giving in concentrated sulphuric 
acid a deep red solution. 

2,3,4,5-Tetraphenylcyclopentadienone Phenylhydrazone (VII; R = Ph).—Diazotetraphenyl- 
cyclopentadiene (2-93 g., 0-0074 mole) in benzene (100 ml.) was added dropwise to a solution of 
phenyl-lithium in ether [from lithium (0-12 g., 0-017 g.-atom) and bromobenzene (1-28 g., 
0-008 mole)]._ The violet solution was stirred for a further hr. and ice and dilute hydrochloric 
acid were added. The organic layer was separated, washed to neutrality, and dried (Na,SQ,). 
Removal of the solvent left a deep purple solid (3-2 g.). Recrystallisation from aqueous dioxan 
gave tetracyclone phenylhydrazone, m. p. 266—268° (Found: N, 5-8. C,,;H,,N, requires N, 
5-9%), Vmax, 3350 cm.~? (N-H), Amax, 264 and 420 my (log e 4-46 and 4-52). 

Attempted Hydrolysis of 2,3,5-Triphenylcyclopentadienone Phenylhydvazone.—2,3,5-Triphenyl- 
cyclopentadienone phenylhydrazone (0-39 g.) was added to levulic acid (18 ml.) and N-hydro- 
chloric acid (2 ml.). Enough chloroform was added to give a clear solution, the mixture was 
refluxed for 3 hr., then poured into water, and the chloroform layer was separated, washed with 
sodium hydrogen carbonate solution, and dried (Na,SO,). Removal of the solvent and 
recrystallisation from acetone yielded unchanged starting material (0-2 g.), m. p. 181—183°. 

The compound was also recovered unchanged after being added to boiling concentrated 
hydrochloric acid. 

Attempted Hydrolysis of Tetraphenylcyclopentadienone Phenylhydrazone.—(a) Tetracyclone 
phenylhydrazone (0-24 g.) in chloroform (30 ml.) and under a nitrogen atmosphere was treated 
with pyruvic acid (5 ml.) and a 50% w/v solution of hydrogen bromide in acetic acid (0-5 ml.) at 
room temperature. The mixture, which became deep blue, was heated at 50—60° for 3 hr. 
The mixture was cooled and poured into water. The chloroform layer was separated, washed 
with sodium hydrogen carbonate solution, and dried (Na,SO,). Evaporation gave a dark 
red solid (0-24 g.). Recrystallisation from acetone yielded unchanged starting material, m. p. 
266—267°. 

(b) 50% Sulphuric acid (10 ml.) was added to tetracyclone phenylhydrazone (0-2 g.) in 
dioxan (40 ml.), and the mixture was refluxed overnight, then poured into water and extracted 
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with chloroform. After drying (Na,SO,), the extract was evaporated to a red solid (0-2 g.). 
Recrystallisation from acetone gave unchanged starting material. 

Attempted Reaction of Tetracyclone with Phenylhydrazine.—Concentrated sulphuric acid 
(2 ml.) was added to phenylhydrazine (0-54 g., 0-005 mole) in dioxan (40 ml.), and the solution 
was heated to boiling. Tetracyclone (1-9 g., 0-005 mole) in dioxan (40 ml.) was added during 
15 min. and the mixture refluxed for a further 2 hr. The mixture was poured into water, and 
the precipitated brown solid was filtered off, dried, and chromatographed in benzene. The 
main red band was eluted with benzene and recovered as a dark solid. Recrystallisation from 
acetone yielded tetracyclone (0-7 g.), m. p. 218°. 
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815. Nitrogen-containing Carbohydrate Derivatives. Part I. Methyl 
4,6-O-Benzylidene-3-deoxy-3-phenylazo-«-D-glucoside.* 
By R. D. GuTHRIE and (in part) LERoy F. JoHnson. 


The product obtained on reaction of aqueous phenylhydrazine with 
periodate-oxidised methyl 4,6-O-benzylidene-«-p-glucoside has been shown to 
be that named in the title. Its proton magnetic resonance spectrum has 
been studied in some detail. This reaction, whose mechanism is discussed, 
provides a new route to derivatives of 3-amino-3-deoxy-p-glucose (kanos- 
amine). 


REACTION of aqueous phenylhydrazine with periodate-oxidised methyl 4,6-O-benzylidene- 
a-D-glucoside [in whose aqueous solutions an equilibrium exists between the dialdehyde 
(III) and the hemialdal (IV) }+?] gave a yellow product (A) which, on limited evidence, was 
assigned structure (I) or (II).1_ These structures were based on elementary analysis 
(CypHag0;N,) and formation of a monobenzoate; neither substance (A) nor its benzoate 
gave a formazan (showing the absence of the CH=N-NHPh group’). The benzoate had 
no NH absorption in its infrared spectrum. It was difficult to account for the colour of 
substance (A). 

Preparation of mono-O-acetyl and mono-O-methyl derivatives of substance (A) has 
now confirmed the presence of one hydroxyl group; neither derivative gave a formazan, 
or had NH absorption in its infrared spectrum. Molecular-weight determinations showed 
that substance (A) was a monomer. 

Reduction of substance (A) in ethanol in the presence of Raney nickel gave aniline and 
a colourless substance (B); the latter on complete acetylation yielded methyl 3-acetamido- 
4,6-O-benzylidene-3-deoxy-«-D-glucoside 2-acetate (X). Substance (B) therefore has 
structure (VIII), and this was confirmed by the following evidence: (i) oxidation with 
aqueous sodium metaperiodate gave a crystalline product identical with periodate-oxidised 
methyl 4,6-O-benzylidene-«-D-glucoside (IV), one molecular proportion of periodate being 
reduced; (ii) acetylation with acetic anhydride—pyridine for 5 minutes gave methyl 
3-acetamido-4,6-O-benzylidene-3-deoxy-«-D-glucoside (IX); this was converted into its 
toluene-p-sulphonyl ester (XI) which gave only a trace of sodium toluene-p-sulphonate 
when heated with sodium iodide in acetone at 100°; (iii) hydrolysis of compound (IX) gave 


* This work has been briefly reported: Guthrie, Proc. Chem. Soc., 1960, 387. 
Guthrie and Honeyman, J., 1959, 2441. 

Guthrie, Honeyman, and Parsons, /., 1959, 2449. 

Mester, Adv. Carbohydrate Chem., 1958, 18, 105. 
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an amorphous product, presumably methyl 3-acetamido-3-deoxy-«-D-glucoside, which did 
not reduce sodium metaperiodate and on acetylation gave methyl 3-acetamido-3-deoxy-«- 
p-glucoside 2,4,6-triacetate (XII). 


O—CH, O—CH, O—CH, 
fe) / fe) fe) 


Ph-CH K > PhCH K > ph-CH K a 
mre) OMe ~ OMe ~o OMe 


XcH ch o'Xcn cht CHO CHO 
(I) HO N—N (IT) N—N OH (IIT) 
7 ‘ 
” Ph |fs0 
O—CH, O—CH, O—CH; 
/ fe) / 6) / ° 
/ 
Ph-CH Ph-CH Ph-CH » 
= ONN2Ph OMe ONQHR OMe ON 19. Ome 
. CH “CH 
at - OH OH (IV) 
(VY) R=H (VII) R=R'=H 
(VI) R= Me (IX) R=Ac; R =H 
(VII) R= Ac (X) RweR' = Ac 
CH3-OAc (XI) R= Ac; O—CH, 
Oo . R'= p—Me-C4Hy'SO, / ° 
7 PhCH 
(X11) NHAc ™ 
AcO OMe (XII) OMe 
OAc Ph:NH-N OH 


These reactions show that cyclisation occurs during the formation of substance (A), and 
in conjunction with the facts previously obtained enable its structure to be assigned as 
methyl 4,6-O-benzylidene-3-deoxy-3-phenylazo-a-D-glucoside (V) or the corresponding 
alloside. 

High-resolution proton magnetic resonance studies (with L. F. J.) support this structure 
and show that substance (A) has the gluco-configuration. The spectrum of substance (A), 
shown in Fig. 1A, is at first sight consistent with structure (I). However, integration of 
the spectrum showed that the group of signals above + ~2-75 due to aromatic and other 
protons on doubly bound carbon atoms * corresponded to ten protons. Since there were 
two phenyl groups in the molecule there could be no other double bonds present, as in (1) 
and (II). The signals at + 4:45 and 5-15 were assigned to the acetal-protons (that is 


-0-CH-0-) of the benzylidene group and at C,,), respectively. These signals occurred on 
the low-field side of the group of signals between + 5-40 and 6-50, assigned to protons on 
aliphatic carbon atoms also bearing oxygen atoms.‘ The acetal-carbon atom is bonded 
to two oxygen atoms, and hence the acetal-proton should be less shielded and the signals 
should be at lower field. The signal at 4-45 is not split because there is no adjacent proton- 
bearing atom. The signal at 5-15 is a doublet because of spin-spin coupling with the 
proton on C,,); the splitting of about 4 cycles/sec. is characteristic of the equatorial-axial 
relation of the two protons.*> That this splitting was not due to spin-spin coupling with 
a proton on a doubly bound carbon atom, as in (I), was shown by using the double- 
resonance technique; this showed that the proton splitting the signal from the anomeric 
proton was one resonating at + ~5-50, whose own signal was buried in the cluster between 
+ 5-40 and 6-50, due to aliphatic protons (excluding the acetal protons and those of the 
methoxyl group * which gave the signal at + 6-58). The signal from the hydroxyl proton 


* Jackman, “‘ Applications of Nuclear Magnetic Resonance in Organic Chemistry,’’ Pergamon Press, 
London, 1959. 


® Lemieux, Kullnig, Bernstein, and Schneider, J. Amer. Chem. Soc., 1958, 80, 6098. 
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was to the right of the methoxy] signal; this assignment was verified by the addition of a 
trace of hydrochloric acid to the solution, which caused proton exchange and eliminated 
the splitting due to spin-spin coupling. 

Fig. 1B shows the spectrum of the acetate of substance (A). This had similar features 
to the previous one, including the signal from ten aromatic protons; the signal from the 
CH, protons of the acetate group * was at + 8-08. The feature of interest in this spectrum 
was the quadruplet splitting of the signal due to the proton on C,,), which bears the acetate 
group. This signal, originally at + about 5-50, has been characteristically shifted * by 
~1-05 p.p.m. downfield to + 4-45, but unfortunately one of the four peaks lay under the 
signal from the benzylidene acetal-proton. The smaller splitting of about 4 cycles/sec. 
was characteristic *5 of an equatorial-axial arrangement of protons, which in fact occurs on 
C,,) and C,,); this splitting is also seen in the signal from the anomeric proton at + 4-97, 


Fic. 1. Proton magnetic resonance spectra of (A) methyl 4,6-O-benzylidene-3-deoxy-3-phenylazo-a-D-glucoside 
(V), and (B) the acetate of (V) [compound (VIT)}. 
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and was the same splitting as occurred in the spectrum of the unacetylated compound (A). 
The larger splitting of about 10 cycles/sec., therefore due to the coupling of the protons 
on Cy) and Cg), was characteristic “* of two axial protons, showing that the 3-phenylazo- 
group occupied the equatorial position. Hence substance (A) and its acetate had the 
gluco-configuration [compounds (V) and (VII)]. 

The spectrum of methyl 3-acetamido-4,6-O-benzylidene-3-deoxy-«-D-glucoside 2- 
acetate (X) was also studied for comparison. This showed the same main features as the 
above spectra, and the following assignments were made: + 4-47, 5-09, 6-56, 7-90, and 8-05 
to the benzylidene proton, the anomeric proton, methoxyl, the N-acetyl, and the O-acetyl, 
respectively. The signals from the C,,, proton appeared as an unmasked quadruplet at 
+ 4-90 with ~4 and 10 cycles/sec. The anomeric proton’s signal again showed a splitting of 
~3 cycles/sec. These results for this compound of known structure bear out the assign- 
ments made for compounds (I) and (IV) above. It is believed that this is the first use of 
high-resolution proton magnetic resonance techniques for a structural study of com- 
paratively complex carbohydrate molecules, other than the polyacetates.5 The spin-spin 
splitting of the signal from the anomeric proton in methyl glycosides (at + ~5-10) appears 
to be of potential use in assigning their configuration and conformation. 
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The phenylazo-group in compound (V) and its derivatives is further supported by 
comparison of the ultraviolet spectra of these compounds with that reported for phenyl- 
azomethane ® (see Table). Infrared spectral studies on phenylhydrazones and methyl- 
phenylhydrazones showed that these compounds had a very strong absorption at about 
1600 cm.?; no such band was present in the spectra of compound (V) or its derivatives. 


TABLE 1. Ultraviolet maxima (for ethanol solutions). 


Amax. € Amax.  € 
Me 4,6-O-benzylidene-3-deoxy-3-phenylazo-«-D-glucoside (V)*__...... 266 10,280 390 257 
Me 4,6,-O-benzylidene-3-deoxy-2-O-methyl-3-phenylazo-a-p-gluc- 
GURNEE, Sokstinnsiensnidsnainnonddepeevenssuadtdsbecsineiasemaenausoneniicindes 266 10,930 393 227 
Me 4,6-O-benzylidene-3-deoxy-3-phenylazo-a-D-glucoside 2-acetate 
GREED, kexiadicnsseacuapesarusonsdsecnerbespedentadivanetbivesesntdcsentdeedesnaseacs 267 10,590 392 248 
PN FO oo iuiecscvnssntnescaxetcamnenbionusneesuensbouasines 265 9950 392 145 


« These values are thought to be more accurate than those previously reported.! Values 
estimated from graph. 


It was not possible to use the configuration of the reduced product (VIII) as evidence 
for the gluco-configuration in (A) because phenylazoalkanes can rearrange to the corre- 
sponding phenylhydrazones:? R,CH-N=NPh—» R,C=N-NHPh. As yet, the non- 
occurrence of this rearrangement under the reduction conditions has not been proved. If 
it did occur, the 3-oxophenylhydrazone (XIII) would be an intermediate from both 
glucoside and alloside phenylazo-derivatives and would also give rise to 3-amino-3-deoxy- 
derivatives of both glycosides. Paper chromatography of the crude reduction mixture 
showed two faint ninhydrin-positive spots in addition to the main one due to compound 
(VIII); one of these may be methyl 3-amino-4,6-O-benzylidene-3-deoxy-«-D-alloside. 
The main component (VIII) was isolated in 90°% yield from this reduction mixture. 

Cyclisation to the phenylazo-compound (V) is believed to occur by the mechanism 
shown, in which the initially formed dialdehyde monophenylhydrazone (XIV) rearranges. 
This mechanism is supported by the non-formation of a similar arylazo-derivative from 
the dialdehyde (III) and #-nitrophenylhydrazine, even when one molecular proportion of 
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base is used.8 Here, the #-nitro-group will lessen the availability of electrons necessary 
for the rearrangement. The configuration of compound (V) is the conformationally 
expected one, both phenylazo- and hydroxy- groups assuming equatorial positions. The 
mechanism as postulated does not preclude the formation of both 2- and 3-phenylazo- 
derivatives of allose, altrose, glucose, or mannose. Chromatography of the crude product 
has detected, in addition to the 3-phenylazoglucose derivative (V), about 10% of a yellow 
compound which is being further investigated. Comparison of the reduction products 
from crude (A) and from compound (V) by paper chromatography show the presence of an 
additional faint ninhydrin-positive spot in the former; the amount of 2-phenylazo- 
compounds formed in the initial reaction must therefore be very small, if any. No reason 
is yet proposed for the preferential attack on what appears from molecular models to be 
the more sterically hindered aldehyde group. 


* Grammaticakis, Compt. rend., 1947, 225, 684. 
7 Rodd, ‘‘ Chemistry of Carbon Compounds,” Elsevier, Amsterdam, 1954, Vel. IITA, p. 371. 
®§ Colbran, Guthrie, and Parsons, J., 1960, 3532. 
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The cyclisation of the dialdehyde monophenylhydrazone (XIV) must be reversible 
since compound (V) was hydrolysed in the presence of phenylhydrazine to 
glyoxal bisphenylhydrazone;! this reaction presumably has (XIV) as‘an intermediate. 
Compound (V) also reduced Fehling’s solution. 

There are several examples ® of reactions of aqueous phenylhydrazine with periodate- 
oxidised carbohydrates in which one molecule of base has reacted with each “ dialdehyde 
unit ’’ to give yellow or orange products; some of these may well contain the 
~CH(OH)-CH(N-N-Ph)- group. 

The above reaction, whose general applicability is being examined, provides a new 
route to derivatives of 3-amino-3-deoxy-D-glucose (kanosamine), a component of the 
antibiotic kanamycin.!° It is the second synthesis of amino-sugars by ring-closure of a 
periodate-oxidised carbohydrate derivative, the first being the Fischer cyclisation with 
nitromethane.! 


EXPERIMENTAL 


Alumina was of type H, 100—200 mesh, supplied by Peter Spence Ltd. The identity of 
compounds was proved where necessary by mixed m. p. and by infrared spectrometry. All 
new compounds had infrared spectra consistent with the assigned structures. Rotations are 
for chloroform solution, unless otherwise stated. 

Reaction of Phenylhydrazine with 7,9-dihydroxy-6a-methoxy-2-phenyl-trans-m-dioxano[5,4- 
ej[1,4]dioxepan (IV) Hydrate.—This reaction was carried out as described previously,! except 
that the crude product (85%) was purified by recrystallisation from a small volume of butan- 
1l-ol, to give methyl 4,6-O-benzylidene-3-deoxy-3-phenylazo-a-D-glucoside (V) (60%), m. p. 182— 
183°, [a],,2° + 8-6° (c 1-81) [Found: C, 64-8; H, 6-0; N, 7-1%; M, 343 (ebullioscopic in benzene), 
367 (X-ray method). C,).H,.N,O; requires C, 64:9; H, 6-0; N, 7-6%; M, 370]. It reduced 
Fehling’s solution and did not form a formazan; ultraviolet maxima are shown in Table 1. 

Chromatography of the crude product (440 mg.) on alumina gave, with benzene-chloroform 
(5: 1) aseluent, a yellow oil (2 mg.) and the 3-phenylazo-3-deoxyglucose derivative (V) (310 mg.) ; 
chloroform eluted a yellow-orange solid (43 mg.). 

Hydrolysis of the product, as described previously ! but with a reaction time of 6 hr., gave 
glyoxal bisphenylhydrazone (74%), m. p. 162—164° (it is regretted that an incorrect reaction 
time was given in ref. 1). 

Benzoylation of compound (V), as described previously, gave methyl 4,6-O-benzylidene-3- 
deoxy-3- pronytas 0-a-D-glucoside 2-benzoate, m. p. 123—124°, [a),*4 +158° (c 1-2) (Found: C, 
68-8; H, 5-7; N, 5-6; Bz, 23-3, 22-1. C,,H,,N,O, requires C, 68-3; H, 5-5; N, 5-9; Bz, 
22-2%). The compound did not yield a formazan. 

Methylation of compound (V) with Purdie’s reagents _ rs 4,6-O-benzylidene-3-deoxy- 
2-O-methyl-3-phenylazo-a-D-glucoside (VI), m. p. 123—124°, [a],!® +72-8° (c 1-2) (Found: C, 
66-1; H, 6-3; N, 7-2; OMe, 15-9. C,,H,,N,O, requires C, pM... ” HT, 6-3; N, 7-3; OMe, 16-1%). 
The product did not form a formazan; altrav iolet maxima are shown in Table 1. 

Acetylation of compound (V) with acetic anhydride—pyridine gave, after two recrystallis- 
ations from ethanol, methyl 4,6-O-benzylidene-3-deoxy-3-phenylazo-a-D-glucoside 2-acetate (VII), 
m. p. 165—166°, [a),,?° +80° (c 1-8) (Found: C, 64-5; H, 6-0; N, 6-6; Ac, 11-0. C,,H,,N,O, 
requires C, 64-1; H, 5-9; N, 6-8; Ac, 10-4%). The product did not give a formazan; ultra- 
violet maxima are shown in Table 1. 

Reduction and Derivatives of the Reduction Product——Hydrogenation of methyl 4,6-O- 
benzylidene-3-deoxy-3-phenylazo-a-p-glucoside (V) was carried out in ethanol solution, in the 
presence of Raney nickel, for 8 hr. at 80—100°/40—60 atm. The colourless solution was 
evaporated to a gel, which when recrystallised from light petroleum-—ethanol or —chloroform, 
gave methyl 3-amino-4,6-O-benzylidene-3-deoxy-a-D-glucoside (VIII) (70%), m. p. 184-5—186° 
(decomp. ; sublimed), {a],,2° + 102° (c 1-5) (Found: C, 59-6; H, 7-0; N,4-8. C,,H,,NO, requires 
C, 59-8; H, 6-8; N, 5-0%). 

® Barry and Mitchell, J., 1954, 4020; Mester, J. Amer. Chem. Soc., 1955, 77, 5452; Mester and 
Moczar, Chem. and Ind., 1957, 761, 764. 

10 Cron, Evans, Palermiti, Whitehead, Hooper, Chu, and Lemieux, J. Amer. Chem. Soc., 1958, 80, 


4741; Ogawa, Ito, Inoue, and Kondo, J. Antibiotics, 1958, 11, A, 166. 
1! Baer and Fischer, Proc. Nat. Acad. Sci. U.S.A., 1958, 44, 991, and subsequent papers. 
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The initial gel was washed with benzene, and the washings were combined with the ethanol 
distillate; this solution was boiled under reflux with 1-chloro-2,4-dinitrobenzene and sodium 
acetate for 30 min. The yellow solution was concentrated to a small volume, poured into 
water, and extracted with ether, and the dried extract evaporated. The resulting red solid 
was recrystallised from ethanol and then from acetic acid, to give 2,4-dinitrodiphenylamine, 
m. p. 155—157°. 

Preliminary experiments have shown that the same reduction can be carried out in 30 min., 
with platinum oxide as catalyst at 1 atm. and room temperature. 

Paper chromatography of the reduction solution on Whatman No. 1 paper with butan-1l-ol— 
ethanol—water (40: 19:11) followed by spraying with ninhydrin gave an intense spot of Ry 
0-60, with faint spots of Rp 0-13 and 0-44. Similar chromatography of the solution from re- 
duction of crude compound (A) showed the above spots plus an additional faint spot of 
Ry 0-24. 

Methyl 3-amino-4,6-O-benzylidene-3-deoxy-«-D-glucoside (VIII) reduced one mol. of 
sodium periodate and gave the hemialdal (IV) hydrate 1 (76%), m. p. 1836—139°, further charac- 
terised as its dibenzoate.? 

The 3-amino-3-deoxyglucoside (VIII) (1-15 g.) with 1-chloro-2,4-dinitrobenzene (0-95 g.) 
and sodium acetate (2-0 g.) in ethanol (20 ml.) were boiled under reflux for 1 hr. The mixture 
was poured into water (ca. 100 ml.), the yellow suspension extracted with chloroform, and the 
extract dried (Na,SO,). Evaporation gave a yellow solid which, after two recrystallisations 
from aqueous ethanol, was methyl 4,6-O-benzylidene-3-(2,4-dinitrophenylamino)-3-deoxy-u-D- 
glucoside. (0-58 g.), m. p. 188—190°, [a],3® +89-6° (c 1-0) (Found: C, 53-9; H, 4-8; N, 9-3. 
CypH.,N,O, requires C, 53-7; H, 4-7; N, 9-4%). 

When the 3-amino-3-deoxyglucoside (VIII) was treated with acetic anhydride—pyridine for 
5 min. at room temperature, the mixture solidified; mixing it with water gave a white solid 
which, after two recrystallisations from a large volume of ethanol, gave methyl 3-acetamido-4,6- 
O-benzylidene-3-deoxy-a-D-glucoside (IX) (70%), m. p. 286—288° (decomp.; sublimed) (Found: 
C, 59-3; H, 6-4; N, 4-5. C,,H,,NO, requires C, 59-4; H, 6-6; N,4-3%). Fractional crystallis- 
ation of the solid obtained on acetylation of the reduction product obtained from crude pheny!l- 
azo-compound (A) gave 90% of the 3-acetamido-3-deoxy-compound (IX). 

Acetylation of either compound (VIII) or the above compound (IX) with the above reagent 
containing 5% of dimethylformamide for 48 hr. at room temperature and with stirring gave, 
after the usual working up and two recrystallisations from ethanol, methyl 3-acetamido-4,6-O- 
benzylidene-3-deoxy-«-D-glucoside 2-acetate (X) (62%), m. p. 274—276° (decomp.; sublimed), 
[a],,2° +42° (c 1-0) (Found: C, 59-2; H, 6-5; N, 3-7. Calc. for C,,H,,NO,: C, 59-2; H, 6-3; N, 
38%). Peat and Wiggins ¥ report m. p. 270°, [a],, +44-6°; Foster ef al.4%, with whose sample 
the above compound was compared, report m. p. 271°, [a], +44°. 

Toluene-p-sulphonyl chloride (0-5 g.) in pyridine (2-5 ml.) was added to a suspension of the 
3-acetamido-3-deoxy-derivative (IX) (0-75 g.) in pyridine (20 ml.), and the whole stirred at 
room temperature until dissolution was complete (ca. 36 hr.). A few drops of water were 
added to destroy the excess of acid chloride and after 15 min. the mixture was poured into 
ice-water. The resulting white solid was collected and recrystallised from aqueous ethanol 
(0-47 g.). Two further recrystallisations gave methyl 3-acetamido-4,6-O-benzylidene-3-deoxy-a- 
D-glucoside 2-toluene-p-sulphonate (XI), m. p. 202—203° (Found: C, 57-9; H, 5-7; N, 3-0. 
C,,;H,,NO,S requires C, 57-9; H, 5-7; N, 2-9%). 

The toluene-p-sulphonate (XI) (0-2 g.) was heated in a sealed tube for 14 hr. at 100° with 
acetone (3 ml.) containing sodium iodide (0-25 g.). Only a trace of sodium toluene-p-sulphonate 
was formed. 

Methyl 3-acetamido-4,6-O-benzylidene-3-deoxy-«-D-glucoside (IX) (1-5 g.) was hydrolysed 
with 50% acetic acid (75 ml.) for 30 min. at 100°. The solution was evaporated in vacuo, the 
last traces being evaporated by co-distillation, first with water and then with ethanol, leaving a 
colourless amorphous solid which was presumed to be methyl 3-acetamido-3-deoxy-«-p- 
glucoside [Ogawa e¢ al.‘* report m. p. 176—178°, [a],,'* + 158° (in water) for this compound]. An 
excess of sodium metaperiodate was added to an aqueous solution of the amorphous solid; no 
rotational changes occurred during 27 hr. Reaction of the amorphous solid with acetic 

12 Peat and Wiggins, J., 1938, 1810. 

13 Foster, Stacey, and Vardheim, Acta Chem. Scand., 1958, 12, 1605. 

™ Ogawa, Ito, Kondo, and Inoue, Bull. Agric. Chem. Soc. Japan, 1959, 28, 289. 
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anhydride—pyridine gave, after two recrystallisations from a small volume of ethanol, colourless 
prisms of methyl 3-acetamido-3-deoxy-«-p-glucoside 2,4,6-triacetate (XII), m. p. 176—178°, 
a|,,7° +109 (c 1-0). Peat and Wiggins report 1? m. p. 178°, [a,,!° + 102°; Ogawa et al.'4 report 
[a,,”8 +107° and + 109°. 

Proton Magnetic Resonance Spectra.—These were measured with a Varian HR-60 spectro- 
meter, operating at 60 megacycles per second, with tetramethylsilane as internal reference. 
The frequency separations were measured by the audio sideband superposition technique; the 
precision of measurement was 1 cycle/sec. The spectra were for ~10% solutions in deutero- 
chloroform at 33°. The intensities of the signals were measured by means of a Varian V3521 
NMR integrator. The ratio-frequency power was not varied since its amount was far below any 
level which would produce saturation effects. 


The authors are indebted to Drs. J. Honeyman, L. M. Jackman, J. N. Schoolery, and 
G. F. Smith for helpful discussion; to Dr. J. O. Warwicker for the molecular-weight determin- 
ation (X-ray method), and to Dr. D. W. Turner for determining the double resonance spectrum. 
A sample of methyl 3-acetamido-4,6-O-benzylidene-3-deoxy-«-p-glucoside 2-acetate was kindly 
supplied by Dr. A. B. Foster. Part of this work was carried out at the University, Leicester 
(present address, R. D. G.); that which was not was supported by the U.S. Department of 
Army, through its European Office. 


SHIRLEY INSTITUTE, MANCHESTER, 20. 
VARIAN ASSOCIATES, PALO ALTO, CALIFORNIA, U.S.A. [Received, February 16th, 1961.] 





816. Kinetics of the Reaction Between Chloramine and Tertiary 
Amines. 


By GrEorGE L. BRAUDE and JosEPH A. COGLIANO. 


The rate of the reaction of chloramine with several tertiary amines has 
been studied in a variety of solvents. The reaction of tri-n-alkylamines 
with chloramine is faster than that with alkyl halides, but is similar in many 
other respects. All follow second-order kinetics in organic solvents, 
decrease in rate with increasing amine chain length, and are greatly affected 
by the solvent. Two possible reaction mechanisms are discussed. 


OMIETANSKI and SISLER! reported that reaction of chloramine with a variety of ter- 
tiary amines affords 1,1,1-trisubstituted hydrazinium chlorides: R,N + NH,Cl—» 
[R,N-NH,]*Cl-. 

Hydrazinium chlorides are in many respects similar to the corresponding quaternary 
ammonium chlorides, obtained by the reaction of tertiary amines with alkyl or aryl 
chlorides: R,N + R’Cl—» [NR,R’]*Cl-. In organic solvents, the reaction of straight- 
chain tertiary amines with alkyl halides follows second-order kinetics. It is, in fact, one 
of the typical examples of a reaction pursuing the bimolecular mechanism, described 
extensively in the literature. 

As part of our work on the reactivity of chloramine with certain tertiary amines, 
kinetics of these systems were determined. This provided an opportunity for comparing 
both the order and the rate constant of the two reactions. A further object was to evaluate 
the effect of different solvents and of amine chain length. 


EXPERIMENTAL 
Chloramine Solutions.—Chloramine, an unstable gas, cannot be used in pure form for kinetic 
measurements. Previous studies? had not clearly shown whether solutions of chloramine 
could be prepared which would be sufficiently stable for quantitative kinetic measurements. 
1 Omietanski and Sisler, J. Amer. Chem. Soc., 1954, 79, 121. 


2 Marckwald and Willie, Ber., 1923, 56, 1319; Corbett, J., 1953, 1927; Chapin, J. Amer. Chem. 
Soc., 1929, 51, 2112; Audrieth and Rowe, ibid., 1955, 77, 4726. 
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The preparation, stability, and handling properties of chloramine in a variety of solvents were 
therefore investigated. 

A gaseous mixture of chloramine and an excess of ammonia, produced by the method of 
Sisler e¢ al.,3 was bubbled into the solvent selected. Chloramine was absorbed by the solvent 
(ether or benzene); its concentration was determined in the solution by iodimetric titration. 
This procedure was considered preferable to the conventional method of extracting hypochlorite— 
ammonia solutions, as it avoided the risk of having hypochlorite present instead of chloramine. 

For preparing chloramine solutions in solvents which absorb excessive quantities of ammonia, 
an 0-5m-solution of chloramine in benzene was made as described, and extracted immediately 
with one-tenth of its volume of water to remove the excess of ammonia and suspended 
ammonium chloride. A second extraction with 1—4 times its volume of water resulted in the 
formation of chloramine—water solutions of the desired concentration range. 

These water solutions, if used rapidly, were also suitable for preparing chloramine solutions 
in hexane, chloroform, and carbon tetrachloride by simple extraction. 

Chloramine-alcohol solutions could not be prepared by either of these methods.- As only 
low chloramine concentrations were required, a small amount of 1—2m-chloramine—ether 
solution was added to the alcohol. The ether content of the final solution was less than 5% in 
all instances. 

To compare the stability of the different solutions, samples were stored at 25° + 0-05°, 
and their chloramine contents determined periodically by iodimetric titration. Fig. 1 shows 
the results of a series of these determinations. 

Chloramine-ether solutions are exceptionally stable. Samples were in many instances kept 
for several weeks with only 1—2% of decomposition. At equal starting concentration, other 
solutions decompose more or less rapidly, depending on the nature of the solvent. 

Amines.—Pure grades of commercially available trimethylamine, triethylamine, and 
“ dimethylperhydrotallowamine ”’ were used after further purification by conventional means. 
“‘ Dimethylperhydrotallowamine ”’ is a commercial ~2: 1 mixture of dimethyl-octadecylamine 
and -hexadecylamine. 

Experimental Procedure and Analyses.—The following general procedure was used for 
determining the rate of reaction of chloramine with tertiary amines. A chloramine solution 
in the solvent was adjusted to the desired concentration, which was checked by titration 
immediately before use. Another solution, stored at 25°, contained the calculated quantity 
of the tertiary amine. Both solutions were then combined in a round-bottomed, three-necked 
flask equipped with a stirrer and an internal thermometer, and immersed in a water-bath 
controlled thermostatically at 25° + 0-05°. Zero time was taken at the instant the solutions 
were mixed. 

Samples were then withdrawn with a pipette provided with a glass-wool filter at the tip to 
prevent clogging by deposited hydrazinium or ammonium chloride. More concentrated 
solutions were sampled with a large-bore pipette for the same teason. Pipettes were then 
emptied rapidly into an acidified potassium iodide solution and titrated with 0-1 or 0-02N- 
sodium thiosulphate. 

This iodimetric titration procedure was found to be very satisfactory for these determinations 
The more elegant spectrophotometric method * could not be used because of the turbidity 
caused by the solid hydrazinium chloride. 

The concentrations of hydrazinium chloride, amine hydrochloride, and ammonium chloride 
were determined at the end of the reaction (48 hr. in most cases). For this purpose, smaller 
separate samples were kept at 25°, and then analysed in the following way: 

The solvent was evaporated at 60°, and the dry salts were taken up in anhydrous chloroform. 
Any ammonium chloride present remained undissolved. It was filtered off, washed with more 
chloroform, dissolved in water, and titrated with 0-1N-silver nitrate. Amine hydrochloride 
was converted into free amine and ammonium chloride by bubbling gaseous ammonia through 
this chloroform solution. The solution was filtered again, if necessary (amine hydrochloride 
is rarely present). The remaining chloroform filtrate contained the hydrazinium chloride, 
which was determined by argentometric titration as the chloride. 


In exploratory experiments, kinetic measurements were made at an equal initial concen- 
tration of 0-2 mole/l. of triethylamine and chloramine. Plotting the reciprocal values of the 


3 Sisler, Neth, Drago, and Yaney, J. Amer. Chem. Soc., 1954, 76, 3906. 
* Kleinberg, Tecotsky, and Audrieth, Analyt. Chem., 1954, 26, 1388. 
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residual chloramine concentration against time gave a straight line for all the organic sol- 


vents: 1.e., rate constants, k,, remained constant with time. This was not true when water was 
the solvent, as shown in Table 1. 


TABLE 1. Reaction of trialkylamines with chloramine in water." 


Trimethylamine Triethylamine 
Time Chloramine Rate constant, k, Time Chloramine Rate constant, k, 
(sec.) reacted (%) (1. mole! sec.-!) (sec.) reacted (%) (1. mole! sec.~) 

0 0 —_ 0 0 — 
60 48-1 0-157 75 24-1 0-0427 
269 76-0 0-107 300 46-3 0-0244 
419 82-3 0-099 435 54-2 0-0229 
660 85-0 0-042 643 61-6 0-0202 
1920 90-1 0-022 2340 74-2 0-0073 


* At equal chloramine and amine starting concentrations of 0-1 mole/l. 


Hydrazinium chloride was found, as expected, on complete analysis of the products from 
triethylamine and chloramine in ether; however, ~10% of ammonium chloride was also 
present. 

Interference by Ammonia.—lIt is known, that ammonium chloride is formed in the decom- 
position of chloramine. However, 0-2mM-chloramine solutions in ether do not give precipitates 
of ammonium chloride in 48 hr. One must assume that the presence of tertiary amine favoured 
the decomposition of chloramine or its reaction with any ammonia present. To check this 
hypothesis, parallel experiments were run: in one sample the ammonia concentration in ether 
was increased by 0-12 mole/l. by saturation at low temperature. A second solution was 
prepared in the conventional manner and used as a control. A complete analysis after 48 hr. at 
25° + 0-05° gave the results shown in Table 2. 


TABLE 2. Effect of ammonia content on ammonium chloride formation in ether.* 


Initial concn. of NH, (N) ......... 0-1 0-22 
[Et,N-NH,]Cl (mole %) ......... 91 73 
FARE CUNEEE FG) ss cceccessccessess 9 27 


* Starting concentration of chloramine and tertiary amine 0-2 mole/I. 


















It is evident that higher concentrations of ammonia in the reaction solution result in form- 
ation of more ammonium chloride, 7.e., ammonia competes with the tertiary amine for the 
chloramine present. 

Ammonia can be removed by treating the chloramine solutions with cadmium or copper 
salts. However, the resulting solutions were not as stable to decomposition as before, possibly 
owing to formation of dichloramine at a lower pH. 

The following alternative method was tried and found to be satisfactory: Dilute solutions 
of chloramine in ether, benzene, or alcohol were treated with a 16—20 molar excess of the 
tertiary amine at 25°. After 48 hr., samples were analysed and found to contain only 
hydrazinium chloride. This procedure was used for all further kinetic work. It required 
more dilute solutions of chloramine, usually 0-005—0-05 mole/l., as rates would otherwise be 
too rapid for effective measurement. 

Tonic-strength Effects —Hydrazinium salts formed in the reaction are very soluble in water, 
soluble in alcohols or carbon tetrachloride, and nearly insoluble in ether, benzene, or hexane. 
It is known that changes in the ionic strength or surface effects of precipitated salts could 
influence the reaction rates in solvents. To ascertain the magnitude of such changes, experi- 
ments were made with chloramine and triethylamine in ether and in methanol, to which a large 
excess (100 times the amount expected after complete reaction) of triethylhydrazinium chloride 
was added before the reaction. Control runs without this excess were carried out 
simultaneously. 

Methanol was used to evaluate the effect on the rate constant under the worst possible 
conditions, as much of the excess of hydrazinium salt added dissolved in this system. The 
second-order rate constants, /,, for these two runs were: 4:25 10° for the control and 5-33 
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10° 1. mole™ sec. for the run with excess of hydrazinium chloride. As expected, an ionic salt 
accelerates the rate of this type of reaction, but the increase is small in view of the large excess 
used. 

Rates in ether, which is a poor solvent for hydrazinium chlorides, were not affected by the 
addition of this salt. Under these circumstances, the effect of ionic-strength changes or 
precipitated salt can be considered negligible at ordinary concentrations, especially in non- 
polar solvents. 

Use of Excess of Amine.—Fig. 2 shows the reaction of an excess of trimethylamine, triethy]- 
amine, and ‘‘ dimethylperhydrotallowamine ” with chloramine in ether. The straight lines 
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obtained indicate’ that all reactions were of the second order. The slope of the lines is equal 
to the rate constant (f,) in 1.. mole sec.-4. Individual k, values, calculated at different 


=<o/ 


conversions up to 75%, did not vary by more than 6% in a single determination. 


DISCUSSION 


Reaction rate constants for triethylamine and chloramine in various solvents are shown 
in Table 3. 


TABLE 3. Rate constants (1. mole sec.*) for the reaction between triethylamine and 
chloramine at 25°.* 


Solvent: Et,O C,H, | MeOH C,H, CCl, H,O 
. -nickenisnnininaciadian 3-7 5-4 42-5 65-0 74-0 (200—300 *) 


*« Amine present in 16—20 molar excess. ° Accurate values are not available as k, decreases with 
time. This Table shows the general trend towards faster rates with increasing polarity of the solvent. 
It is interesting that the reactions are slowest in ether, the solvent in which chloramine is also unusually 
stable. Internal bonding or solvation effects of the type (Et,O*-NH,)Cl could possibly be involved 
here. The same may apply to the reaction rates in methanol, which are slower than in benzene. 
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Previous workers ® have also studied the effect of changes in length of the alkyl group 
of tertiary amines on the reaction rate with alkyl halides. A substantially slower reaction 
was reported with increasing size of the substituent group for all simple tertiary amines, 
caused mainly by steric hindrance. The rates obtained in our study for the reaction of 
chloramine with tertiary alkyl amines are shown in Table 4. 


TABLE 4. Rate constants (k, in 10* 1. mole sec.) for the reaction of tertiary amines 
with chloramine at 25°. 
** Dimethylperhydro- 


NMe, tallowamine ”’ ¢ NEt, 
Sn NIE -  scsscihic esti edad eedeincnabipauechiet 15°5 (10-7) 3-7 
PUNE cicesiinpaussecekaseiedandeaiens 623 (476 °) 65 


« These values are only qualitative and represent the reaction of a mixture of alkyldimethylamines 
with chloramine. Kinetics were, however, strictly of the second order. *® At equimolar concen- 
tration (0-1N) of chloramine and amine. All others with a 16: 1 molar excess of amine. 


Differences between the amines are not quite as large as were reported for alkylation 
to quaternary ammonium chlorides, though the trend is the same: comparison is shown 
in Table 5. It is evident that the chloramination of amines is remarkably rapid. 


TABLE 5. Rates of reaction (10*k, in 1. mole™ sec.) of tertiary amines in benzene. 


Chloramine Mel Etl 
Trimethylamine _................ 623 185¢ 2-16 
TERUNGIRMND.  occccccvccessesess 65 15-4¢ (3-5) &¢ 


* Winkler and Hinshelwood, J., 1935, 1147. ® Moelwyn-Hughes and Hinshelwood, J., 1932, 233. 
¢ At 100°; all other at 25°. 


Reaction Mechanism.—The reaction of chloramine with tertiary amines proceeds 
in all probability by either of the two following mechanisms: 


a 





Y 


RgN + NH,Cl —— [R,NH* + NHCI"] —— (R,N°NH,)*Cl 
b b 


Mechanism a, proposed by Omietanski and Sisler,! is a bimolecular displacement. Our 
studies indicate that the kinetics of the reaction of chloramine with tertiary amines in 
organic solvents are definitely of the second order as required for concept a. 

Our results also show that addition of a tertiary amine to a stable solution of chloramine 
in ether containing some ammonia gave hydrazinium chloride and ammonium chloride 
simultaneously. The reaction (decrease in chloramine content) nevertheless followed strict 
second-order kinetics in organic solvents. 

These observations can be explained if we assume that the two reactions are simul- 
taneous and of the second order. According to the concepts of Cahn and Powell,® a proton 
acceptor is required for the formation of ammonium chloride. This would explain the 
formation of ammonium chloride when triethylamine is added to a stable chloramine—ether 
solution. ; . 

Mechanism b is a modified version of that postulated by Audrieth e¢ al.’ for the reaction 
of chloramine with ammonia or primary or secondary amines. It involves the inter- 
mediate formation of a chloramide ion, resulting from the action of a strong proton 
acceptor such as a tertiary amine on chloramine. This chloramide ion, once formed, could 

§ Zaki and Fahim, J., 1942, 270. 

® Cahn and Powell, ]. Amer. Chem. Soc., 1954, 76, 2565, postulate the intermediate formation of a 
hydrazinium salt (NH,°-NH,)Cl from chloramine and ammonia. Free hydrazine is then produced by 
the action of base on this intermediate. In presence of an excess of chloramine, hydrazine then reacts 


to form ammonium chloride and nitrogen. 
7 Audrieth, Colton, and Jones, J. Amer. Chem. Soc., 1954, 76, 1428. 
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then react to give a hydrazinium chloride with the tertiary amine or it may undergo 
ultimate conversion into ammonium chloride with ammonia. Since a strong base is 
required for initiation of the reaction according to this concept, chloramine as such should 
not (or at least not rapidly) react with ammonia in solution in absence of a tertiary amine 
or some other proton acceptor. 

Although the mechanism by Omietanski and Sisler appears to be the simpler one, both 
concepts explain the present results in organic solvents. Additional work would be required 
to clarify these problems. 

In the limited number of runs carried out with chloramine and a tertiary amine in 
water, the results do not seem to follow second-order kinetics. It is possible that reactions 
in this solvent do not proceed as indicated but are more complicated and require further 
study. 

W. R. Grace & Co., RESEARCH DIVISION, WASHINGTON RESEARCH CENTER, 
CLARKSVILLE, MARYLAND, U.S.A. [Received, February 27th, 1961.] 





817. Hydrazinium(1+) as a Ligand. 
By C. K. Prout and H. M. PoweELi 


The crystal structure of hydrazinium(1-+-) zinc sulphate, (N,H,).Zn(SO,)., 
has been determined. It contains infinitely extended, essentially one- 
dimensional complexes of the same overall composition. These consist of 
zinc ions octahedrally surrounded by four oxygen and two nitrogen atoms. 
The oxygen atoms belong to sulphate groups which bridge to neighbouring 
zinc ions. Each co-ordinated nitrogen atom forms one end of a hydrazinium 
group, which is not co-ordinated to zinc through its other nitrogen atom. 
There is a system of hydrogen bonding between oxygen atoms and nitrogen 
atoms of both sorts. These bonds are formed both within the linear complex 
and between neighbouring complexes, so that the crystal as a whole is a 
three-dimensionally bonded structure. 


ALTHOUGH a great deal is known about ammonia as a group co-ordinated to a variety 
of metals little has so far been reported concerning hydrazine except that in a large number 
of compounds it co-ordinates with the same metals. Many of the compounds could be 
regarded as double salts. Among known types! are (NjH;),.M"™(SO,), where M is Cr, Mn, 
Fe, Co, Ni, Cu, Zn, Cd, or Ca, (NgH,)M"™"(SO,).,12H,O where M is Al or Cr, (N,H;)M"Cl, 
where M is Hg, Cd, Zn, Sn, Cu, Fe, or Mn, (NgH;)2M"Cl,,1H,O where M is Cd or Hg (n = 4), 
M is Co or Ni (” = 2-5), or M is Cu (wm = 0-5). 

For the chlorides there are the possibilities that the metal may have hydrazine, 
chlorine, or both in the co-ordination sphere. In double ammonium sulphates, ¢.g., 
(NH,).Zn(SO,).,6H,O a group of water molecules is attached to the metal, and this 
suggests that in the anhydrous compounds above, the hydrazine is in some way co-ordinated 
to the metal. Another indication that hydrazine may be acting as a ligand is the extreme 
stability of the chromous sulphate compound which remains unoxidised in the atmosphere. 
The hydrazinium double sulphates are also distinguished from the double ammonium 
sulphates by general insolubility. Structural study of the hydrazinium double sulphates 
therefore seemed the most promising way of investigating the problem, but most of them 
could not be obtained as anything but microcrystalline powders unsuitable for the purpose. 

X-Ray examination of these powders by Debye-Scherrer methods and also by the 
Guinier technique gave similar diffraction patterns for the iron, cobalt, nickel, and zinc 
compounds; the chromium and copper compounds gave diffraction patterns different 
from these but similar to each other. The manganese compound differed from all the 
others. 


1 Audrieth and Ogg, “‘ The Chemistry of Hydrazine,”’ Wiley, New York, 1951. 
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Cruciform twins of the chromous compound appeared too complex for single-crystal 
work and only the zinc compound readily formed crystals of apparent simplicity. These, 
however, proved to be multiple twins and crystallisation of the material in varied conditions 
of the solution failed to modify this form of growth. The alternative being to leave the 
problem unsolved, it was decided to use a twinned crystal and to adopt whatever methods 
were possible to diminish the difficulties of structure determination which this introduced. 
Many apparently single crystals in some orientations extinguished in the usual way between 
crossed Nicols, but in other orientations showed the extinction behaviour of multiple 
twins. When oscillated about the needle axis they gave X-ray diffraction patterns super- 
ficially normal and symmetrical about the equator. Weissenberg photographs about this 
axis show two superposed diffraction patterns which have one axial line in common. 
The equatorial symmetry is thus shown to be false. It is found that each diffraction 
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pattern may be indexed on the basis of an anorthic cell, the two components of the twin 
having b and c common. 

Results. (N gH;)oZn(SO,)., M = 323-8, triclinic pinacoidal, a = 7:36 + 0-03, b= 
5-33 + 0-03, c = 5-82 + 0-03 A, « = 99° 42’ + 10’, 8 = 87° 27’ + 10’, y = 105° 42’ + 10’, 
U = 216-7 A’, D,, = 2-47 + 0-02 (by flotation), Z = 1, D, = 2-48, F(000) = 164. Space 
group, PI (C1, No. 2) Cu-K, radiation, single crystal oscillation and Weissenberg photo- 
graphs. Optically biaxial, twinned. 

Most reflexions from the two components of the twin do not overlap on the films, and 
their intensities may be estimated separately. It is also possible by comparison of reflexions 
of the same indices to estimate the ratio of intensities produced by the separate parts of 
the twin. The intensities of the necessarily overlapping axial reflexions were divided 
in the appropriate ratio so as to give the intensity due to one part of the twin only. A 
number of non-axial reflexions happen to overlap. Those used in the analysis were all 
hkO reflexions with k = 4, but the h values for each overlapping pair were different. These 
intensities cannot be divided in a similar way at the start of the analysis. They were 
provisionally shared equally between the two reflexions and thus one in eight of the 
reflexions in this zone was introduced with a very uncertain error. These errors were not 
sufficient to prevent the derivation of an approximate structure. Once this was obtained, 
the overlapping reflexions were divided in the ratio of the corresponding calculated 
quantities, with proper allowance for the fact that non-overlapping reflexions of the same 
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indices due to the two parts of the twin have different intensities because the two parts 
have different masses. As the structure refined the ratios were further modified. 

There is one zinc atom per unit cell. Whether in a special position of P1 or the general 
position of Pl this may be taken at the origin. Patterson projections perpendicular to 
b and c were evaluated and their most prominent peaks could be explained as due to the 
vectors from a zinc atom to two sulphur atoms related by a centre of symmetry at the 
zinc atom. A more complex system of peaks would have been expected if there had been 
two crystallographically distinct sulphur atoms in the space group Pl. In order that 
no unnecessary chemical assumptions should be made the structure was then developed 
by means of F, syntheses at first based only on positive signs arising from the zinc atom 
at the origin. The first projections showed sulphur atoms in positions consistent with 
those already deduced from the Patterson functions. Other peaks made it possible to 
assign positions to all oxygen atoms, and gave less certain indications of the hydrazine. 
A re-phasing was therefore made with the contributions of zinc, sulphur, and oxygen 
only. There were some sign changes, and the resulting electron-density map showed 
the nitrogen positions more clearly. Another F, synthesis phased on the contributions 
of all atoms led to a set of atomic parameters which were then refined by F,—F, syntheses. 
The R value for Fp40 fell steadily from 0-42 to 0-26 and for Fy, from 0-35 to 0-17. The 
final electron-density projections calculated from Fj; and Fix are reproduced in Figs. 
1 and 2. 

Table 1 gives the observed and calculated structure factors. In calculations, the 
atomic scattering factors for zinc, oxygen, and nitrogen were taken from data by Berghuis 


TABLE 1. Observed structure amplitudes and calculated structure factors for hkl. In each 
set of three columns the first gives h, the second 4F ops. and the third 4F ea... The values 
recorded are rounded from the computer figures used to calculate R. 


h00 —2 21 15 anil 6 7 2 7 7 —2 4 3 -3 1 13 
l 12 20 -1 6 —4 —3 3 3 3 8 9 —1 22 25 —2 18 14 
2 li -7 0 S uf =§ 3 5 4 4 0 0 0 —1 4 ® 
3 1 18 1 8 —4 a 12 12 ni 1 3 =3 0 1 2 
4 12 10 2 17 17 0 23 19 h07 2 19 17 1 5 4 
5 é 5 3 23 2 «i 7 10 3 19 16 2 7 6 
6 4 3 4 S «=! 2 0 3 —§ 0 2 4 2 17 3 8 9 
7 a 5 6 6 3 5 4 onl 2 0 5 12 12 4 2 3 
8 6 3 6 WW 4 8 8 0 3 6 S$ us 5 5 +8 
7 0 x 5 9 9 7 7 5 
ee Us 8 ° 5 a: -S h10 150 
01 7 3. 1 -9 0 1 h30 = 2 2 
¢ h0 —-s 10 17 —9 2% 24 -7 3 0 
=< 2) _ « i h0S al 9 iW? a oe OS 6 ; « 
— 9 6 «=a? 11 10 anf 6 8 —{ oS «af —7 12 10 —5 7 9 
— La = —6 5 3 —5 8 s —5 9 10 a® 15 13 — 8 3 
= 3+ = = 2 2 a £ ££ < ¢ -—5 12 —-—_ + a 
~? > - —4 12 12 -8 0 1 -—3 4 9 —4 9 7 —2 9 3 
= = 19 — * = ~2 8 6 —~2 10 17 et. Se ne 
—- aw -3 8 6 —1 2 2 a 0 2 =f 4 3 0 gs 12 
“o mW 14 . » ®o w -7 0 4 0 —1 22 2% 1 0 2 
1 0 1 0 11 9 1 10 7 1 18 24 0 26 24 2 4 5 
~ ° os 1 is 14 2 FS 7 2 12 112 : we 3 A 9 
= pd ih 2 23 23 3 9 10 11 10 2 3 =—3 4 9 8 
- > 3 11 4 7 6 4 10 9 3 5 1 A 
4 15 11 4 0 1 5 5 FA 0 0 4 6 4 h60 
; 2 & 6 13 13 6 o 0 6 17 12 5 9 9 —¢ 4 I 
: . oe 6 il 12 7 1 18 6 ll 7 —5 3 6 
: - 7 3 4 h06 7 4 1 —4 7 9 
so ou w 8 2 1 af 0 1 h20 = 7 6 
—4 5 ; —8 0 2 h40 ae 6 3 
h02 ho4 —3 8 8 —7 12 10 —8 7 8 —1 6 2 
—6 17 16 —§ 0 2 -3 7 8 — Et 8 =~ .~9 n 0 8 4 
—5 ~ 6 —7 4 4 on} 0 5 -—§ iI i —§ 3 5 1 6 8 
—4 5 3 —6 3 0 0 —-4 8 7 —5 4 3 
—3 23 ai —5 9 10 1 0 4 —§ WB =-§ —4 6 7 
TABLE 2. Atomic co-ordinates. 
x y Zz x y z 
Bi  scnssisiaiaseteonn 0-000 0-000 0-000 6 errr 0-347 0-632 0-449 
_ eee 0-215 0-630 0-247 ener 0-337 0-714 0-050 
REET 0-079 0-372 0-213  <iescpenab 0-257 0-041 0-828 
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TABLE 3. Co-ordinates (in A) referred to orthogonal axes with Z' parallel to c, 
X’ perpendicular to c in the ac plane, and Y' perpendicular to X’ and Z'. 


Xx’ Y’ Zz’ Xx’ Y’ Zz’ 
eS 0 0 0 OREO 1-476 3-615 0-240 
_ ene 0-697 3-190 0-942 {weer 1-832 0-208 4-866 
 accacacina ds 0-059 1-883 0-932  seoeeensiae 1-754 1-311 3-773 
 ecnatepetatet —0-442 3-979 0-988 
DS teases 1664 3-200 2-159 


TABLE 4. Interatomic distances (in A) and some bond-angles calculated from the 
parameters of Table 2. (Letters a—f are as in Fig. 3.) 


uw Reese ere 2:10  N(1)-O(4) .........0000 2-98a  O(1)-Zn—-O(2) ............ 93° 
TRIED scncesevaxnesenenss 2:38  N(1)-O(4) ..........0005 2:54e O(1)-Zn-N(I) ........00.e 85° 
—  Seanneenenmeette 208 N(2)-O(3)* ............ 249d O(2)-Zn—N(1) ............ 87° 
| SRT Ea 1:45  N(2)-O(3) ........00.0000 2-68b Zn-N(1)-N(2) ............ 110° 
I ciictbccnassecenaibecs 1:39 N(2)-O(2) .........0.000 2-73 c 

<  [—erenase 1:55 N(2)-O(4) ..........00005 2-95 f 

* eppaneeeiansene ess 1-48 

N(1)-N(2) .......s0e0000s 1:55 


* O(3) of another unit. 


et al.,2 and that for sulphur from Viervoll’s.3 A general temperature factor B = 0-8 A? 
was used. Table 2 gives the atomic parameters deduced. Table 3 gives atomic co- 
ordinates referred to a set of orthogonal axes, with a zinc atom at the origin. Table 4 
gives interatomic distances and some angles. High accuracy is precluded by the nature 
of the twinned crystals. Although the errors in bond lengths may be as much as 0-1 A 
the accuracy attained is sufficient to provide answers to the main chemical questions that 
were being studied. From the immediate surroundings of the atoms several geometrical 
complexes may be identified in the structure. The simpler ones are the linked nitrogen 
atoms of an N,H; group and the tetrahedral SO,. The zinc ion is at the centre of an 
irregular octahedron of surrounding atoms. This consists of two nitrogen atoms N(1) 
of two separate N,H; groups, and four oxygen atoms, two each of types O(1) and O(2). 
Each of these oxygens belongs to a different sulphate group. Single-bond distances, 
Zn-N = 2-06 and Zn-O = 2-05 and 2-27 A, have been observed in an octahedral complex 
with 8-hydroxyquinoline.t An acetylacetone complex > of different stereochemistry has 
Zn-O distances in the range 1-92—2-13 A. The present rather inaccurately observed 
distances are consistent with the view that the zinc is joined by single bonds to its six 
neighbours. Each N(1) is certainly linked covalently to Zn as is shown by the Zn—N 
distance and by the angle Zn—N(1)—N(2) which is very near to the expected tetrahedral 
value, although a larger angle would result in greater separation of the positive charges 
on Zn and N(2). If the longer Zn—O distance is not regarded as a bond the zinc would 
have four co-planar bonds. 

By means of the octahedral co-ordination each sulphate group is linked through an 
O(1) and an O(2) to two separate zinc ions. In this way the sulphate groups and zinc 
ions link to form a complex which extends indefinitely parallel to 6. Each zinc is linked 
to the next through two sulphate groups. The hydrazinium groups are also attached 
to the zinc ions and the total composition of the complex is the same as that of the 
compound. 

Only one nitrogen atom of the hydrazinium is co-ordinated to zinc. This is assumed 
to be the NH, end and its co-ordination is analogous to that of ammonia. 

This is believed to be the only established * case of a small Positive ion acting as a ligand 
_ * The case for NO* is strong, though alternatives have been discussed. In the present instance there 
is no reasonable alternative. 


* Berghuis, Haanapel, Potters, Loopstra, MacGillavry, and Veenendal, Acta Cryst., 1955, 8, 478. 
% Viervoll, Acta Cryst., 1949, 2, 277. 

* Merritt, Cady, and Mundy, Acta Cryst., 1954, 7, 473. 

5 Lippert and Truter, J., 1960, 4996. 
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to a metal ion such as Zn**. The positive charge of the hydrazinium which might be ex- 
pected to oppose such ligand action is presumed to be concentrated on the nitrogen atom 
which is not linked to zinc. The action of this positive charge is further reduced by the 
environment of these non-co-ordinated nitrogen atoms. Each such atom is surrounded 
by oxygen atoms, two in its own complex and two from neighbouring complexes. 

It is expected that hydrazine itself should be an efficient co-ordinating group. In 
the absence of positive charge it might form links through both ends though it seems 
unlikely that these would both be joined to the same atom since the lone pairs of electrons 
are in spatially unsuitable orientation. In one sense hydrazine may be said to be so 
co-ordinated in this compound to two positive ions, zinc at one end and a proton at the 
other. Cce-ordination of hydrazine to separate metal ions at the two ends would lead 
to polymeric structures. These may occur in the numerous metal salt hydrazinates which, 
almost without exception, are reported to be very insoluble powders. 

When the hydrazinium is taken into account the complex has approximately the 
shape of a cylinder. This, as a whole, is electrically neutral but positive and negative 
charges alternate on its surface. 

A set of such essentially one-dimensional complexes is further linked by hydrogen 


2b (Projected) 


Fic. 3. The linear complex is shown in the centre. 
Hydrogen bonds within the complex and between 
a pair of neighbouring complexes are shown by 
broken lines. They are lettered as in Table 4. 
In addition there is a hydrogen bond d from N(2) 
to an oxygen atom similar to O(3)’ but belong- 
ing to another complex nearer to the observer. 





bonds so that the whole crystal is a three-dimensional complex network. Both nitrogens 
of the hydrazinium play a part in the linking to neighbouring complexes. The inner NH,, 
which is directly joined to the zinc, is at distances corresponding to hydrogen bonds from 
two oxygen atoms, one belonging to its own linear complex and the other to a neighbouring 
chain. The outer NH, group is at hydrogen-bond distances from four oxygens, two 
within its own linear complex, and two others each in a neighbouring complex. The 
N(1) and N(2) atoms of any one hydrazinium are linked through hydrogen bonds to the 
same neighbouring complex (Fig. 3). N(2) is also linked to a neighbouring complex nearer 
to the observer than that shown in the Figure. It seems probable that the hydrogen 
bond system contributes to the stabilisation of this type of compound. 

The number of oxygen-to-nitrogen distances of hydrogen-bond length is, for N(2), one 
more than the number of its hydrogen atoms. A similar condition has been found in a 
few other structures, ¢e.g., orthorhombic hydrazine sulphate ® and glycine.” 


* Nitta, Tomie, and Sakuri, Acta Cryst., 1951, 4, 289. 
7 Marsh, Acta Crvst., 1958, 11, 654. 
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The observed twinning can be explained in terms of the structure found. Let a plane 
parallel to (100) and cutting the axis at a/2 divide the structure, and let the upper part 
be rotated relative to the lower through 180° about an axis through the body-centre of the 
unit cell and perpendicular to the dividing plane. Let the upper half then be displaced 
approximately through 0-655 + 0-5c. The nitrogen and oxygen atoms near to the junction 
plane are then in positions such that the system of hydrogen bonds could continue from 
one half to the other. At the junction plane the positions of O(3) and O(4) are inter- 
changed, as are those of N(1) and N(2). Although an exact interchange of their rdles 
does not seem possible, sufficient hydrogen bonding between neighbouring layers could 
occur to account for the twin formation. 


EXPERIMENTAL 


Preparation of Materials.—‘‘ AnalaR ”’ hydrazine sulphate and ‘“‘ AnalaR ’’ metal salts were 
used. All compounds were prepared by the method of Curtius and Schrader ® except the 
chromous salt. For this compound the method of Traube and Passage ® was considered but 
rejected since the product is often found # to be contaminated with zinc from the amalgam 
used in the reduction of Cr(11) to Cr(m). Electrolytic reduction, which avoids this difficulty, 
was used instead. For compounds (N,H,;),.M™(SO,), where M = Mn, Fe, Co, Ni, Cu, or Zn, 
analyses agreed with those of Curtius and Schrader. The analytical results for the chromous 
salt were consistent with the formula (N,H;),Cr(SO,), first quoted by Traube and Passage, 
but not with that of Palmer ™ who suggests (N,H;),Cr(SO,),,H,O for material prepared by the 
same method [Found: Cr, 16-4; SO,, 61-9; N,H,, 21-3. Calc. for (N,H;),Cr(SO,).: Cr, 16-8; 
SO,, 61-5; N,H,, 21-3%]. 

Intensities of Reflexions.—The unit-cell dimensions were obtained from calibrated Weissen- 
berg films taken about two principal axes, and one non-principal axis. The intensities of 
reflexions h0/ and hkO were measured from Weissenberg films. Multiple-film technique was 
used. Lorentz and polarisation corrections were applied but no attempt was made to correct 
for absorption and extinction effects. 

Magnetic Measurements.—Magnetic susceptibilities of a number of the double sulphates 
of the form (N,H;),.M"™(SO,), were measured by the Gouy method at 21°. The results, expressed 
as magnetic moments (B.M.), are: Cr 4-96, Mn 5-79, Fe 5-24, Co 4-86, Ni 3-16, and Cu 1-91. 
These values correspond very closely to the spin-only values for octahedral high-spin complexes. 


The authors thank the staff of the Oxford University Computing Laboratory for computing 
facilities, D.S.I.R. for a research studentship (to C. K. P.), and Dr. R. J. P. Williams for his 
suggestions and discussions. 
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§ Curtius and Schrader, J. prakt. Chem., 1894, 50, 311. 

* Traube and Passage, Ber., 1913, 46, 1505. 

10 L. A. K. Staveley, personal communication.. 
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818. The Structure of Limonin: X-Ray Analysis of Epilimonol 
Todoacetate. 


By S. Arnott, A. W. Davie, J. MONTEATH ROBERTSON, 
G. A. Stim, and D. G. Watson. 


The molecular structure of limonin, C,,H3,O,, has been determined by 
an X-ray crystallographic study of the heavy atom derivative, epilimonol 
iodoacetate, C,,H,,0,I. The iodoacetate crystals are monoclinic, space 
group C,?-P2,, with four molecules per unit cell. The asymmetric crystal 
unit consists of two chemical molecules. Application of the heavy-atom 
method and a full three-dimensional analysis with many cycles of refinement 
have resulted in the complete determination of the molecular structure and 
stereochemistry of limonin. The chemical behaviour of limonin fully 
supports the proposed structure. 


WHEN our X-ray work on limonin, the bitter principle of citrus fruits, began in 1956, 
knowledge of the chemical structure was limited. The functional groups were known ! 
and since vigorous degradation of limonin ®* gives 1,2,5-trimethylnaphthalene it could 
reasonably be expected to contain two six-membered carbocyclic rings. Since that time 
intensive chemical work, which proceeded independently of our X-ray work, has estab- 
lished conclusively the presence of the partial structure (I) in limonin. If the existence 
of two six-membered rings is assumed, the possibilities are narrowed, and biogenetic 
arguments may be used to deduce some probable structures. 


oO 
H3C 
Hc TCH 
c fe) 
CO -O-CH -¢_ -° , 
“O-CR. 7 4 | -co 
i . " 
‘e INE- Nc7 
| | fe 
v& ~CO 
Cc i CHa (I) 


Even if this chemical knowledge had been available earlier, the complexity of the 
structural problem, including the unknown stereochemistry, is so great that the only hope 
of advance seemed to lie in the application of some direct phase-determining method. The 
most suitable and powerful method was to prepare some derivative with a favourably 
placed atom or atoms of sufficient scattering power to effect at least partial phase determin- 
ation * and enable some of the standard iterative refinement processes to commence. 
The search for a suitable derivative was actively undertaken by Professor D. H. R. Barton 
and his collaborators. We examined a number of these compounds, together with various 
solvates, and elementary crystallographic data have been recorded elsewhere.’ Epi- 
limonol chloroacetate and iodoacetate appeared to be the most suitable derivatives. Of 
these the chloroacetate has the smaller unit cell, containing only two molecules related 
by a screw axis; and much the smaller absorption coefficient. ,However, the symmetry 
is such (space group P2,) that the well-known ambiguity of a false symmetry centre would 


1 Melera, Schaffner, Arigoni, and Jeger, Helv. Chim. Acta, 1957, 40, 1420. 

2 Koller and Czerny, Monatsh., 1936, 67, 248. 

3 Brachvogel, Arch. Pharm., 1952, 57, 285. 

* Arigoni, Barton, Corey, and Jeger, in collaboration with Cagliotti, Dev, Ferini, Glazier, Melera, 
Pradhan, Schaffner, Sternhell, Templeton, and Tobinaga, Experientia, 1960, 16, 41; Barton, Pradhan, 
Sternhell, and Templeton, J., 1961, 255. 

5 Robertson, J., 1935, 615; 1936, 1195. 

® Robertson and Woodward, J., 1937, 219; 1940, 36. 

7 Arnott and Robertson, Acta Cryst., 1959, 12, 75 
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have appeared at a later stage of the analysis. In a complex and largely unknown struc- 
ture this is difficult to resolve, as has been shown for example in our work on isoclovene.® 

This difficulty does not occur with the iodoacetate because although the space group is 
the same there are now four molecules in the unit cell, and two in the asymmetric crystal 
unit. On the other hand, the complexity of the structural problem is greatly increased 
because we now have to determine the positions of 76 atoms other than hydrogen which 
are crystallographically unrelated. The choice between these two derivatives was 
difficult, but two major considerations led us to the iodoacetate. In the first place the 
greater phase-determining power of the iodine atom would probably be an advantage in a 
structure of this complexity. Secondly, if the analysis went according to plan, the dis- 
covery at a later stage of two crystallographically unrelated but chemically identical 
molecules would be a most important verification of the work. As it turned out, this 
factor enabled us to announce the main features of the structure and the stereochemistry 
of the molecule at a very early stage of the refinement.® 

The analysis has now been completed, and after some eight cycles of three-dimensional 
refinement (see Table 1) the discrepancy R over 2927 structure factors is 18-1% (see Table 7). 


TABLE 1. Epilimonol iodoacetate: progress of structure analysis. 


(The first two syntheses and structure factor calculations were carried out on the Manchester 
University ‘‘ Mercury ’’ computer. All the later calculations were done on the Glasgow University 
““ Deuce ”’ computer.) 


Patterson syntheses and Harker sections. I (2 atoms). 


Y 


Ist F calc. (R = 38%). Ist 3D F, synthesis. 


Y 


3D minimum function. 2nd 3D F, synthesis. 
I, I’ + 50 atoms (treated as carbon). 


Y 


2nd F calc. (R = 26%). 3rd 3D F, synthesis. 
76 atoms of the asymmetric crystal unit. 


Y 


3rd F calc. (R = 24%). 4th 3D F, synthesis. 


Y 


4th F calc. (R = 22%). Least squares refinement for 62 atoms. 


5th F cale. (R = 22%). 5th 3D F, synthesis. 
6th F cale. (R = 19-8%). 6th 3D F, synthesis. 


. 


7th F calc. (R = 19-7%). 7th 3D F, synthesis. 


Y 


Ist 3D F, synthesis. 
Termination of series corrections. 


Y 


8th F calc. (R = 18-1%). 8th 3D F, synthesis. 





8 Clunie and Robertson, Proc. Chem. Soc., 1960, 82. 
* Arnott, Davie, Robertson, Sim, and Watson, Experientia, 1960, 16, 49. 
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This figure of merit is reasonably satisfactory in view of the complex structure and the 
great difficulty of collecting accurate data from the poorly formed crystal specimens. 

Our final results establish structure (II) for limonin, which is thus shown to be a tetra- 
cyclic triterpenoid of the euphol type (III) from which certain carbon atoms in the side 
chain have been removed and the remainder converted into a furan ring. A full discussion 
of the chemical implications of this formula and the probable biogenesis has been given by 
Arigoni, Barton, et al.4 


Fic. 1. The final three-dimensional electron- 





density distribution for epilimonol iodo- Fic. 2. The arrangement of the atoms in the 
acetate. The superimposed contour sections crystal asymmetric unit (two chemical 
ave drawn parallel to (010). (Scale, 1 eA-3 molecules). 

per line.) | 

















O Oxygen 
© lodine 





The final electron-density distribution for epilimonol iodoacetate from which our 
results are deduced is shown in Fig. 1 as superimposed contour sections drawn parallel to 
(010) and covering the region of two molecules. Fig. 2 gives a roughly perspective 





(IV) 





explanatory drawing. The stereochemistry of epilimonol iodoacetate and also the 
numbering system used in our subsequent Tables are given in structure (IV). The 
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7-acetate-oxygen (4) is equatorial. This is in agreement with the observation }™ that 
limonin yields epilimonol on reduction with sodium amalgam, a process which yields the 
more stable of a pair of stereoisomers. Limonol itself must then be the axial isomer.” 
In our structure the 30-methyl group at ring junction B/c is axial. In the ¢vans-decalin 
system ring B has a chair and ring C a boat conformation. 


Fic. 3. Averaged bond lengths. 


Fic. 4. Averaged bond angles. 
1-23 


1-40 # 








TABLE 2. Atomic Co-ordinates. 
Atom «la yb alc Atom x/a yb z/c 


I 0-1360 0-0314 0-3670 C(9’) 0-9300 0-0561 0-7139 
I’ 1-0622 0-4632 0-9728 C(10’) 1-0047 — 0-0245 0-6956 
C(1) 0-5489 0-1420 0-0121 C(11’) 0-8610 0-0822 0-6286 
C(2) 0-6350 0-0989 0-0028 C(12’) 0-7908 0-1669 0-6501 
C(3) 0-6199 —0-0217 — 0-0087 C(13’) 0-7832 0-1815 0-7450 
C(4) 0-4018 0-0988 —0-0615 C(14’) 0:8777 0-2108 0-7873 
C(5) 0-3962 0-1295 0-0338 C(15’) 0-8720 0-2680 0-8723 
C(6) 0-3187 0-0999 0:0757 C(16’) 0-7823 0-2884 0-8949 
C(7) 0-3256 0-1601 0-1598 C(17’) 0-7200 0-2804 0-7560 
C(8) 0-4143 0-1349 0-2154 C(18’) 0:7450 0-0858 0-7847 
C(9) 0-4880 0-1661 0-1640 C(19’) 1-0620 0-0217 0-6250 
C(10) 0-4884 0-0933 0-0753 C(20’) 0-6259 0-2628 0-7121 
C(11) 0-5794 0-1725 0-2129 C(21’) 0-5529 0-2369 0-7520 
C(12) 0-5825 0-2711 0-2763 C(22’) 0-5952 0-2918 0-6308 
C(13) 0-4957 0-3034 0-3028 C(23’) 0-5166 0-2945 0-6211 
C(14) 0-4313 0-2187 0-2982 C(28’) 1-1877 —0-1609 0-7556 
C(15) 0-3539 0-2153 0-3606 C(29’) 1-0849 - 0-2306 0°8555 
C(16) 0-3507 0-3201 0-4080 C(30’) 1-0153 0-2456 0-7062 
C(17) 0-5108 0-3473 0-3993 C(31’) 1-0942 0-2320 0-9514 
C(18) 0-4508 0-3920 0-2494 C(32’) 1-1440 0-3328 0-9729 
C(19) 0-5065 —0-0202 0-0820 O(1) 0-4983 0-1206 — 0-0682 
C(20) 0-5745 0-4318 0-4159 O(2) 0-6625 —0-0816 — 0-0540 
C(21) 0-5436 0-5173 0-4255 O(3) 0-5473 — 0-0764 0-0217 
C(22) 0-6748 0-4372 0-4215 O(4) 0-2519 0-1114 0-2060 
C(23) 0-6910 0-5361 0-4403 | O(5) 0-4379 0-1436 0-377% 
C(28) 0-3524 0-1821 —0-1193 O(6) 0-2769 0-3357 0-4337 
C(29) 0-3714 —0-0258 ~0-0848 O(7) 0-4224 0-3731 0-4305 
C(30) 0-4157 0-0265 0-2514 O(8) 0-6167 0-5965 0-4418 
C(31) 0-1733 0-1633 0-2185 O(9) 0-1677 0-2624 0-1947 
C(32) 0-1019 0-1050 0-2416 O(1’) 1-0381 -0-2133 0-7063 
C(1’) 0-9687 -0-1328 0-6714 * O(2’) 1-0913 —0-2103 0-4991 
C(2’) 0-9634 0-1661 0-5701 0(3’) 1-1082 — 0-0708 0-5811 
C(3’) 1-0588 0-1425 0-5489 O(4’) 1-0703 0-2263 0-8708 
C(4’) 1-0922 -0-1676 0-7772 O(5’) 0-8891 0-3327 0-7992 
C(5’) 1-0460 -0-0581 0-7806 O(6’) 0-7678 0-2969 0-:9770 
C(6’) 1-1008 0-0342 0-8262 O(7’) 0-7098 0-3032 0-8404 
C(7’) 1-0269 0-1267 0-8357 O(8’) 0-4798 0-2507 0-6955 
C(8’) 0-9575 0-1573 0-7567 oO(9’) 1-0861 0-1595 1-0025 


A detailed calculation of the bond lengths and bond angles in the two molecules is given 
Tables 3 and 4, and the averaged values are shown in Figs. 3 and 4. Standard accuracy 


10 Fujita and Hirose, J. Pharm. Soc. Japan, 1954, 74, 365; 1956, 76, 129. 
11 Barton, J., 1953, 1027. 
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calculations are laborious and of limited use in a structure of this degree of complexity. 
A more realistic idea of the probable errors may be obtained in this case by comparing 
measurements of corresponding bonds and angles in the two crystallographically indepen- 
dent molecules. These are set out in full in the Tables, and the root mean square deviations 


TABLE 3. Bond lengths (A). 





















Molecule 1 Molecule 1’ Average Molecule 1 Molecule 1’ Average 
C(1)-C(2) 1-42 1-66 1-55 C(14)—C(8) 1-68 1-49 1-59 
C(2)-C(3) 1-51 1-53 1-52 C(8)—C(30) 1-46 1-65 1-56 
C(3)—O(2) 1-25 1-28 1-27 C(14)—C(15) 1-60 1-54 1-57 
C(3)—O(3) 1-41 1-24 1-33 C(14)—-O(5) 1-56 1-53 1-55 
O(3)-C(19) 1:37 1-54 1-46 C(15)—O(5) 1-55 1-45 1-50 
C(19)—C(10) 1-43 1-58 1-51 C(15)—C(16) 1-50 1-45 1-48 
C(10)-C(1) 1-54 1-48 1-51 C(16)—O(6) 1-23 1-35 1-29 
C(1)—O(1) 1-45 1-51 1-48 C(16)—O(7) 1-28 1-34 1-31 
O(1)-C(4) 1-49 1-45 1-47 O(7)—C(17) 1-49 1-39 1-44 
C(4)-C(28) 1-53 1-51 1-52 C(17)-C(13) 1-63 1:57 1-60 
C(4)-C(29) 1-64 1-48 1-56 C(13)—C(18) 1-51 1-48 1-50 
C(4)—C(5) 1-57 1-52 1-55 C(7)—O(4) 151 1-66 1-59 
C(5)—C(10) 1-55 1-50 1-53 O(4)-C(31) 1-38 1-30 1-34 
C(5)—C(6) 1-44 1:55 1-50 C(31)—O(9) 1-28 1-25 1-27 
C(6)—C(7) 1-53 1-61 1-57 C(31)-C(32) , 1-37 1-54 1-46 
C(7)—C(8) 1-56 1-60 1-58 yo a. 2-21 2-02 2-12 
C(8)-C(9) 1-49 1-47 1-48 C(17)—C(20) 1-43 1-54 1-49 
C(9)—C(10) 1-68 1-55 1-62 C(20) om 1-17 1-36 1-27 
C(9)—C(11) 1-52 1-66 1-59 C(21)-O(8 1-48 1-37 1-43 
C(11)—C(12) 1-58 1-55 1-57 a ~C(23) 1-34 1-46 1-40 
C(12)—-C(13) 1-46 1-54 1-50 C(23)-C 22) 1-28 1-18 1.23 
C(13)—C(14) 1-42 1-56 1-49 C(22)—C(20) 1-50 1-38 1-44 
TABLE 4. Bond angles. 
Mo e- Mole- Mole- Mole- 
cule 1 cule l’ Average cule l cule l’ Average 
I—C(32)—C(31) 110° 108° 109° C(17)—C(20)—C(21) 114° 124° 119° 
C(32)—C (31)-O(9) 123 125 124 C(21)—C(20)—C(22) lll 106 109 
C(32)—C(31)— O14) 120 99 110 C(20)—C(22)—C(23) 103 112 108 
O(9)—C(31)—O(4) 115 130 123 C(22)—C ae eal 113 109 111 
C(31)—O(4)—-C(7) 124 105 115 C(23)—O(8)—€ pe 104 103 104 
Q(4)-C(7)-C(6) 104 99 102 O(8)—C(21)—C(20) 109 107 108 
C(7)—C(6)—C(5) 106 103 105 C(17)—C(13)—C(18) 108 108 108 
C(6)—C(5)—C(10) 117 112 115 C(18)—C(13)—C(12) 114 113 114 
C(5)—C(10)—C(9) 98 104 101 C(10)—C(5)—C(4) 103 112 108 
C(10)—C(9)+C(8) 112 117 115 C(5)—C(4)—O(1) 100 98 99 
C(9)—C(8)—C(7) 106 108 107 C(5)—C(4)—C(29) 114 112 113 
C(8)—C(7)—C(6) 113 120 117 C(29)—C(4)—C(28) 113 111 112 
C(8)—C(7)—O(4) 106 115 111 C(28)—C(4)—O(1) 105 108 107 
C(7)—C(8)—C(30) 113 102 107 C(4)—O(1)—C(1) 114 110 112 
C(30)—C(8)—C(14) 105 110 108 O(1)—C(1)-C(2) 101 99 100 
C(9)—C(8)—C(14) 102 109 106 O(1)—C(1)—C(10) 102 106 104 
C(8)—C(14)—C(13) 123 119 121 C(1)—C(10)—C(5) 100 96 98 
C(14)—C(13)—C(12) 114 107 111 C(1)—C(10)—C(19) 108 111 110 
C(13)—C(12)—C(11) 115 114 115 C(10)—C(19)—O(3) 123 111 117 
C(12)—C(11)—C(9) 110 110 110 C(19)—O(3)—C(3) 114 116 115 
C(11)—C(9)—C(8) 114 110 112 O(3)—C(3)—C(2) 124 126 125 
C(8)—C(14)—O(5) 105 113 109 C(3)—C(2)—C(1) 104 102 103 
O(5)-C(14)-C(15) 59 56 58 C(2)-C(3)—O(2) 122 115 119 
C(14)—C(15)—O(5) 59 61 60 O(2)—C(3)—O(3) 11] 118 115 
C(15)—O(5)—C(14) 62 62 62 C(4)-C(5)-C(6) +120 116 118 
C(13)—C(14)—C(15) 121 111 116 C(19)—C(10)—C(9) 118 110 114 
C(14)—C(15)—-C(16) 1ll 115 113 C(10)—C(9)—C(11) 112 113 113 
O(5)—C(15)—C(16) 118 110 114 C(2)—C(1)—C(10) 121 117 119 
C(15)—C(16)—O(7 122 125 124 C(22)—C(20)—C(17) 134 127 131 
C(15)—C(16)—O(6) 112 119 116 C(13)—C(14)—O(5) 114 112 113 
O(6)—C(16)—O(7) 126 115 121 C{18}—-C{13}—C(14) 104 112 108 
C(16)—O(7)—C(17) 124 117 121 C(19)—C(10)—C(5) 118 122 120 
O(7)—C(17)—C(13) 110 113 112 C(1)—C(10)-C(9) 113 112 112 
C(17)—C(13)—C(14) 109 108 109 C(9)—C(8)—C(30) 118 118 118 
O(7)—C(17)—C(20) 113 107 110 C(7) ~C(8)-C(14) 113 110 ill 
C(13)—C(17)—C(20) 116 112 114 C(12)—C(13)—C(17) 108 108 108 
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I—O(4) 

I—O(9) 

I-C(7) 

I—C(8) 

I-C(31) 

O(1)—O(2) 
O(2)-C(19) 
O(3)-C(4) 
O(3)—-C(5) 
O(4)—-C(5) 
O(4)—C(6) 
O(4)—C(8) 
O(4)—C(9) 
O(5)—O(6) 
O(5)—-C(9) 
O(5)—C\12) 
O(5)—C(18) 
O(6)—C(14) 
O(6)—C(17) 
O(7)- rs 
O(7)-C(12) 
O(7)- Ci20 
O(7)-C(21) 
O(7)-C(22 
O(7)-C(23) 
O(8)—-C(13) 
O(8)-C(17) 
O(9)—C(6) 
O(9)-C(7) 
O(9)—C(8) 
C(1)-C(8) 
C(1)-C(11) 
C(2)-C(9) 
C(2)-C(11) 
C(3)-C(4) 
C(3)-C(5) 
C(4)-C(7) 


are 0-112 A for the bond lengths and 6-7° for the bond angles. 
given in Figs. 3 and 4 we may divide by 4/2 and give 0-08 A and 4-8° as reasonable 


Arnott, Davie, Robertson, Sim, and Watson: 


TABLE 5. Some intramolecular non-bonded distances (A). 


Molecule 1 Molecule 1’ Average 


3-38 3-36 3-37 C(4)—C(9) 3-80 
4-02 3-79 3-91 C(4)—C(19) 3-04 
4°83 4-70 4:77 ps > —C(30) 3-68 
518 5-25 5-22 C(6)—C(19) 3°18 
2-96 2-92 2-94 Cley-C(29} 3-15 
3-50 3°47 3-49 C(6)—C(30) 3°17 
3-42 3°55 3°49 C(6)—C(31) 3°39 
3-27 3:37 3-32 C(6)—C(32) 4-38 
3-43 3-40 3-42 C(7)-C(19) 3-81 
3°65 3-80 3-73 C(7)—-C(31) 2-56 
2-39 2-53 2-46 C(7)-C(32) 3-78 
2-44 2-51 2-48 C(8)—C(16) 4-01 
37% 3°76 3°75 Hn C(18) 3-26 
3-56 3°53 3°55 C(8)—C(31) 3-64 
3-56 3-75 3-66 C(8)—C(32) 4-76 
3-23 3-37 3-30 C(9)—C(15) 3-92 
3-70 3-74 3°72 C(9)—C(18) 3-18 
3-61 3-73 3-67 C(10)—C(28) 3-72 
3-61 3-53 3-57 C(10)—C(29) 3-31 
4-01 4-03 4-02 C(10)—C(30) 3-21 
3-81 3-76 3-79 C(11)—C(17) 3-89 
2-44 2-35 2-40 C(11)—C(18) 3-41 
2-56 2-76 2-66 C(12)—C(15) 3°86 
3-89 3-62 3°76 C(12)—C(22) 3-30 
4-24 4-33 4-29 C(13)—C(20) 2-61 
4-52 4-63 4-58 C(13)—C(21) 3-33 
3-51 3-67 3-59 C(13)—C(22) 3-55 
3-68 3-25 3-47 C(13)—C(23) 4-53 
2-79 2-76 2-78 C(14)—C(20) 3-79 
4-00 4-21 4-11 C(15)—C(18) 3°24 
3-97 3°84 3-91 C(16)—C(20) 3-63 
3-21 3-15 3-18 C(16)—C(21) 3-78 
3-64 3-64 3-64 C(17)—C(21) 2-19 
3-64 3-59 3-62 C(17)—C(22) 2-70 
3-63 3-64 3-64 C(17)—C(23) 3-59 
3-96 3-86 3-91 C(18)—C(21) 3-39 
3-88 3-90 3-89 


TABLE 6. Some intermolecular distances (A).* 


O(8’)—-C(21y1) 3°47 oe 
C(21)—O(5ry 3-50 C(6)— of 11) 
C(30’)—O(2’y) 3-55 C(30)—C(17’y1) 
C(31)—O(9’13) 3-57 O18) C(16ry) 
O(6’)-C(29;y) 3-58 C(29’)—C(32y1) 
Cc (30)—O(7’v1) 3-58 I-—O(3’ 1) 
C(17)—-C(23’) 3-59 O(2)—C(5m) 
C(23’)—-C(21y1) 3-60 I-O(2’11) 
I-O(5’v1) 3-60 C(20)—C(22’) 
C(23’)—C(30;y) 3°61 C(17)—C(22’) 
O(6)—C(2’tv) 3-61 C(20)—C(23’) 
O(1’)—O(9v1) 3-61 C(32)—O(9'11) 
21’)—C(30ry) 3-61 I-C(3’n) 
O(2)—C(7m) 3-62 O(4)-O(9n) 
C(28)—O(3;) 3-63 C(16)—C(23’) 


* The subscripts refer to the following positions: 


I l—4,$¢+ 7,2 V 2—4,4+y 
II *—l,y,2 VI l—*, —-$+ 
III l1—-s, —$+y,2 VII 2—%,—-4$+ 
IV l—#,$+y,1-—2 


estimates of the standard deviations. 


In spite of these fairly large uncertainties the overall geometry of the two independently 
observed molecules is strikingly similar in every detail. 


3 
3- 
3 
3 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
4- 
l—z 
sat ae 
y1— 


3°37 
3°95 
3-21 
3°32 
3-42 
3°16 
4-39 
3-68 
2-39 
3-70 
3-93 
3-38 
3-66 
4-76 
3-79 


A-~1bo Cr bo © bo 


i) 


G2 G2 LORD He G2 Go G9 He Oo G9 LD Go Oo Ge Oo Go Go Oo Go 
POO cK Coco cw We © WI = 


PON AK COON NS +l 


SCODMDOD DM AINWIBDABAGS 


Molecule 1 Molecule 1’ 
3-76 


te Ww 


For the averaged dimensions 


Even where there is possibility 


Average 


PAWAAANWAOCSOAA HS w 


3-78 
3-21 
3-82 
3-20 
3-24 
3:30 
3-28 
4:39 
3-75 
2-48 4 
3: 74 ; 


mh ww 


AWOANW HAA 


ou 


$2 G2 RD NS G9 G9 OO OO He C9 & 


- 
woaae 





ont tt Zr 


1S 


le 





XUM 


(1961) The Structure of Limonin. 4189 


of free rotation about single bonds, as in the iodoacetate group and in the junction of the 
furan ring with ring pD, the similarity appears to be closer than might have been expected. 
It is not easy to see this without examining a three-dimensional model of the electron- 
density distribution, but the comparison of certain corresponding non-bonded distances 






Fic. 5. Line drawing of molecular framework 
of several unit cells projected along b. 


Fic.6. Line drawing of molecular 
framework of several unit cells 
projected along c. Two-fold 
screw axis vertical. 
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in the two molecules (Table 5) may be used as a test. Thus, in the region of the iodo- 
acetate group we have, for the two molecules, 0(4)-C(5) = 3-65 and 3-70 A, 0(4)-C(9) = 
3-73 and 3-76 A, C(31)-C(8) = 3-64 and 3-66 A, C(32)-C(6) = 4-38 and 4-39 A, C(32)-C(8) = 
4:76 and 4-76 A. With regard to the orientation of the furan ring and the main skeleton 
of the molecule we have O(8)-O(7) = 4-01 and 4-03 A, C(22)-C(13) = 3-55 and 3-50 A, 
C(23)-C(13) = 4-53 and 4-52 A, C(23)-C(17) = 3-59 and 3-58 A., This very close corre- 
spondence of the two crystallographically independent molecules is a phenomenon similar 
to that observed in the structure of 10-bromo-2-chloro-2-nitrosocamphane * and it 
indicates a somewhat unexpected constancy of molecular shape in different environments 
in the solid state. 

The average carbon-carbon single bond length is 1-52 A, not significantly different 
from the value of 1-545 A in diamond. In the two carbonyl groups the average carbon- 
oxygen distance is 1-28 A, and in the two lactone rings the carbon-oxygen single bond 

12 Ferguson, Fritchie, Robertson, and Sim, J., 1961, 1976. 
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distance in the system —O-C- is 1-32 A. These distances compare favourably with the 


O 

values usually found in carboxylic acids. In the epoxide ring the average carbon—oxygen 
bond length is 1:53 A, while the values quoted for ethylene oxide 1° and cyclopentene 
oxide ™ are 1-44 and 1-47 A respectively. Comparison of the bond lengths within the 
furan ring with those cited for furan itself * shows that there is no significant deviation 
from the expected values although the carbon-carbon double bond at 1-25 A is rather 
short. In the iodoacetate group the distances are normal and the carbon-iodine bond 
length of 2-12 A compares very favourably with the value of 2-14 A quoted for various 
alkyl iodides.1® 1? 

A reasonable sample of the intermolecular contacts has been calculated (Table 6) and 
none of these appears to be abnormal, the closest approach being 3-47 A which occurs 
between the furan rings of two adjoining molecules. Fig. 1 gives some indication of the 
mutual arrangement of the two molecules in the asymmetric crystal unit, but it is difficult 
to provide a complete picture showing all the intermolecular contacts. Projections of the 
contents of several unit cells are shown in Figs. 5 and 6 by means of line drawings of the 
superimposed molecular frameworks. In Fig. 6 the effect of the vertical two-fold screw 
axis is clearly visible. 


EXPERIMENTAL 

Crystal Data.—Epilimonol iodoacetate, C,,H3,;0,1; J, 640-5; m. p. 211—214° (decomp.) ; 
d, calc. 1-441, found 1-426. Monoclinic, a = 15-03, b = 12-36, c = 15-93 all +0-02 A, 5 = 
95° 12’ + 15’. Absent spectra, (0k0) when # is odd. Space group, P2, (C,”) or P2,/m (Co;?). 
P2,/m must be rejected because the ester is optically active. Four molecules per unit cell, two 
in the asymmetric crystal unit. Volume of the unit cell = 2953 A*. Absorption coefficients 
for X-rays, (A = 1-542 A) p = 96-0 cm.1, (A = 0-7107 A) » = 12-3 cm. Total number of 
electrons per unit cell = F(000) = 1304. 

Crystals were grown from solutions in acetone-water and could only be obtained in the form 
of plates never thicker than 0-02 mm., with (100) strongly developed. No other faces could be 
identified. 

Experimental Measurements.—Rotation, oscillation, moving-film, and precession photo- 
graphs were taken with copper-K, (4 = 1-542 A) and molybdenum-K, (A = 0-7107 A) 
radiation. Cell dimensions were obtained from calibrated equatorial layer line and precession 
photographs. For the three-dimensional intensity survey molybdenum radiation was used 
throughout to minimise absorption errors, because no systematic calculation of corrections was 
feasible. The average size of the crystal specimens employed was about 1-0 x 0-2 x 0-02 mm. 
Photographic records were obtained by using equi-inclination Weissenberg and precession 
cameras and exposures of 80—100 hr. were frequently necessary for the weaker reflections. 
For correlation of strong and weak reflections the multiple-film technique }* with interleaving 
sheets of nickel foil, 0-008 in. thick, was used, as well as timed exposures. The reciprocal 
lattice was explored by recording the intensities of the (40/)—(h8/) and (O&/)—(6k/) layers with a 
Weissenberg camera and the (hk0)—(hk3) layers with a precession camera. Intensities were 
estimated visually by several independent observers using standard spot and step-wedge 
techniques. The usual correction factors (Lorentz, polarisation, and rotation) were applied 
and 2927 independent structure factors were fmally evaluated by the mosaic crystal formula 
(Table 7). 

Analysis of the Structure-—The positions of the iodine atoms were determined without 
ambiguity at an early stage in this work by the calculation of two-dimensional Patterson 
syntheses along the a and 6 crystal axes. These projections, prepared from limited data, are 
shown in Figs. 7 and 8. The iodine co-ordinates were confirmed and refined later by the 

'S Cunningham, Boyd, Myers, Gwinn, and Le Van, J. Chem. Phys., 1951, 19, 676. 

1 Erlandsson, Arkiv Fysik, 1955, 9, 341. 

15 Bak, Hausen, and Rastrup-Andersen, Discuss. Faraday Soc., 1955, 19, 30. 

16 Miller, Aamodt, Donsmanis, Townes, and Kraitchman, J]. Chem. Phys., 1952, 20, 1112. 

1 Lister and Sutton, Trans. Faraday Soc., 1941, $7, 393. 

18 Robertson, J. Sci. Insir., 1943, 20, 175. 
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evaluation of various Harker sections and Fourier syntheses. It will be noted (Table 2) that 
the y co-ordinates of the two iodine atoms in the asymmetric unit differ by only 0-84 A (in 
fractional co-ordinates, 4 + 0-0314 and 0-4632). If these co-ordinates had been equal the 
phase ambiguity of a false symmetry centre would have recurred. It is of considerable interest 
to find that even this small separation of 0-84 A is sufficient to destroy completely any false 
symmetry, as is shown by our subsequent analysis. 


lic. 7. Projection of Patterson function 
along a@ axis. : " ; 
me lic. 8. Projection of Patterson function 


' Wy mn ~ along é axis. 
oy 
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lic. 10. The third three-dimensional electron- 
density distribution shown by means of super- 
imposed contour sections drawn parallel to 
(010). At this stage the bottom right-hand 
molecule was attached to the wrong iodine atom. 


Fic. 9. Projection of electron density distrib- Another symmetry-related iodine (not shown) 
ution on (010). lying closer to the acetate group should have been 


used. This error does not affect the molecular 
structure. 





Phase angles calculated from the iodine positions were then associated with the observed 
structure amplitudes, and electron-density projections on (100) and 010) were calculated, the 
latter being shown in Fig. 9. The complex overlapping molecular frameworks responsible for 
this projection are shown in Fig. 5. Interpretation in terms of molecular structure was, of 
course, quite impossible at this stage, but these projections did provide a useful refinement of 
the iodine co-ordinates. 

All the subsequent work was based on the full three-dimensional data (Table 7). A first 
Fourier synthesis with phase angles calculated from the iodine contributions alone was evaluated 
on the ‘‘ Mercury’”’ computer at Manchester University. Interpretation of the resulting 
electron distribution proved impossible, but at a later stage it was found that a programme 
crror was responsible for some of the confusion in this synthesis. 

\ sharpened three-dimensional Patterson synthesis was now computed and from this a 
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Observed and calculated structure factors. 
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TABLE 7. (Continued.) 

hk - \Fol Wel @ hk & L IF [Ft a? ho & L [Fol [el @ hk k Ff [Fol [Fel a 

-—3 71 84 27 3 19 #15 115 —1l4 25 20 69 —1ll 41 36 131 

—4 63 60 286 —1 28 25 224 —-15 16 13 293 —12 37 35 114 

—5 16 18 247 —2 40 38 266 —16 15 15 84 —-13 43 33 200 

-6 2 21 83 —3 19 21 190 2 2 0 23 59 322 —1l4 31 2 86 

—7 55 «655 «0258 —4 24 25 262 1 45 44 328 -15 17 16 131 

—8 19 16 55 —6 16 12 %4 2 158 #233 «#417 —16 19 16 165 

—-9 20 18 50 -ll 29 23 9%6 3 67 74 236 —-17 21 18 87 

—10 26 20 228 1 ll 0 2 27 #215 4 42 41 334 —18 26 16 173 

—1l1 50 39 = 91 1 18 18 73 5 148 159 334 2 5 0 70 119 171 

—12 18 7 73 2 19 26 21 6 46 45 280 1 49 66 307 

—14 30 30 3=—87 3 24 32 223 7 59 = 66 5 2 23 19 169 

—-15 23 14 101 7 32 25 9 8 34 3 357 3 «15 8 106 

l 7 0 3 40 198 10 34 24 1 9 60 60 262 4 94 93 323 

1 12 25 54 —2 22 15 162 10 54 54 35 5 47 45 160 

2 13 31 300 —3 24 11 133 ll 15 19 Wb 6 49 39 41 

3} 6591168 —-4 16 2 74 12 3 15 6 7 #77 76 337 

4 54 48 14 —bd at 33 «172 13. 37 33.042 9 54 49 350 

5 43 27 20 —-6 49 21 «81 14 46 36 «200 10 48 38 4 

6 2 13 121 —-8 27 19 #190 16 «15 3 7 11 12 10 46 

7 51 52 327 -—-9 20 17 98 7 23 19 173 12 51 46 351 

8 15 8 54 —12 24 14 80 —1 159 210 36 13 232 2 31 

9 19 14 331 1 12 0 2 23 173 —2 61 81 214 14 #19 #16 «31 

10 40 40 358 24 21 256 —-3 84 88 15 23 26 357 

11 27 14 83 2 23 26 202 —4 46 55 344 —1 43 45 242 

12 27 22 344 4 28 23 265 —5 56 47 134 -2 18 16 350 

13 33 30 353 5 18 17° «(155 —6 26 23 88 —3 88 95 189 

15 22 20 22 6 18 12 220 —7 66 55 179 —4 46 43 263 

—2 66 77 187 —1 21 19 206 —8 18 25 175 —5 63 67 199 

—3 40 43 192 —2 18 14 262 —9 48 41 3 —6 43 49 191 

—-5 88 84 164 —6 20 22 143 -10 996 78 177 -—7 32 44 274 

-6 51 36 185 1 13 0 18 17 #199 -1ll 27 30 158 -8 60 65 162 

—7 66 58 201 - 18 23 72 —12 34 30 81 -9 10 M4 213 

—-8 84 75 183 -—2 18 13 176 -—13 84 61 179 —11 51 50 161 

-9 215 5 162 —3 18 12 96 —14 19 18 95 —-12 19 21 288 

-—10 27 2 171 -5 19 8 165 -—15 17 12 162 —14 27 18 106 

—ll 37 32 188 1 14 0 438 16 176 —-16 47 34 176 —-15 16 19 359 

-—12 18 13 303 2 2% 20 165 —17 18 14 89 2 6 0 39 48 271 

—-13 40 32 150 5 19 22 167 —18 16 15 158 1 59 76 265 

1 8 0 30 29 214 —3 19 19 157 2 3 0 13 15 152 3 81 94 265 

1 77 «84 264 1 16 0 16 11 159 1 51 59 269 4 46 654 257 

2 10 13 224 2 Oo 0 190 244 0 2 33 37 «14 5 51 48 15 

3 40 36 250 1 300~Ci«22L 0 3 7 73 101 6 70 92 267 

4 85 83 256 2 156 142 0 4 102 121 308 8 26 28 306 

5 23 20 220 3 99 123 0 5 62 59 86 9 381 35 280 

6 45 43 282 4 107 102 0 6 45 44 136 10 19 #20 13 

7 $32 28 277 5 91 85 0 7 SL 55 338 11 30 29 277 

8 13 7 76 7 142 118 0 8 73 70 103 12 12 6 273 

9 54 49 272 8 93 91 0 9 25 28 324 14 20 18 276 

10 27 17 #139 10 73 71 0 lL 52 49 3 —-1 4 2 32 

11 29 17 #110 1 21 17 180 12 24 26 330 —-2 74 86 276 

13 «2l) (1686 12 27 23 180 13 35 32 70 —-3 15 17 254 

-1 4 19 % 13 60 49 «(0 14 29 22 «70 —4 10 18 33 

—2 30 30 254 16 15 0 0 15 26 26 352 —-5 27 39 284 

-3 19 2 134 17 2 18 180 14 21 20 78 -6 58 59 78 

—4 46 41 216 -1 40 «68 0 —1 86 100 270 -7 36 634 151 

—-5 27 32 273 -—2 38 58 180 —2 118 148 240 -8 33 24 165 

-—6 3 32.60 —3 133 128 0 -—3 77 84 164 -9 65 60 88 

—7 3 29 275 —5 125 108 180 —4 152 168 266 -l1 38 «630s 96 

—8 24 14 94 —-6 38 27 0 —-5 63 75 228 —-12 40 33 97 

—-9 41 33 103 —8 120 115 180 —-6 80 92 .168 —-13 20 18 219 

-—1l 42 33 82 —-9 28 37 #180 —7 109 108 259 —14 33 24 106 

—-12 21 18 83 —10 37 39 180 -8 999 90 176 —-15 30 22 84 

-—13 17 12 75 —1ll 24 22 180 —-9 52 56 241 2 #7 0 54 76 170 

-—14 39 30 100 —-13 37 35 180 —-10 68 57 257 1 23 24 222 

t 9 0 54 62 163 —14 12 11 180 —1ll 57 38 121 2 68 61 185 

2 31 30 619 —15 21 21 180 —12 28 30 249 3 34 42 179 

7 38 34 345 —-16 15 12 180 —14 19 11 148 4 40 45 4 

8 29 18 317 —17 14 7 0 —-15 26 20 294 5 21 24 134 

9 27 22 33 —18 26 14 180 —16 22 8 80 7 36 433 344 

10 «+38 30 «344 2 1 1 90 147 240 2 4 0 69 85 290 8 18 8 151 

11 18 21 280 3 74 68 136 1 103 122 268 9 43 #41 M 

12 23 21 (337 4 33 29 250 2 29 34 356 10 «31 33 5 

3 23 20 349 5 102 101 103 3 80 83 267 11 30 23 107 

—1 18 22 38 6 72 71 92 4 101 101 305 12 40 40 356 

—2 43 38 166 7 27 22 273 5 62 52 295 13.0 620)—Ssdl 31 

—3 43 42 141 8 88 88 104 6 80 80 266 14 23 9 62 

—-4 15 2% 68 9 52 39 84 7 #79 66 324 145 19 2% 1 

—-5 77 72 198 10 30 30 97 8 51 41 317 —-1 37 32 279 

—-6 40 3 157 11 65 61 102 9 %559 64 273 -—2 61 57 211 

—7 16 20 120 12 13 16 8&8 10 48 47 16 —3 83 98 166 

—-8 63 55 167 13 37 3 99 ll 16 16 255 —4 21 27 «331 

—9 16 15 166 14 34 35 89 12 38 29 225 —5 65 61 160 

—10 17 21 182 16 32 31 87 13 15 26 53 —-6 65 58 169 

—Il1 39 30 149 —3 82 78 198 15 | 17 15 117 —7 18 23 3 

1 1 0 37 39 188 —4 118 126 259 -1 61 63 308 -8 43 38 187 

1 40 42 239 —5 48 41 188 —2 996 113 235 —-9 16 16 183 

2 32 34 199 —6 61 62 205 —-3 |70 79 32 -—1ll1 33 33 148 

3 46 38 238 —7 93 100 260 —5 104 98 228 —12 19 13 317 

4 54 48 258 —-8 33 29 125 —-6 52 47 46 -13 20 10 157 

5 24 30 (159 —-9 51 49 280 —7 |22 18 148 —14 18 12 151 

6 26 29 250 —10 33 35 277 —-8 55 41 180 —-15 22 18 345 

7 2 21 260 —ll 28 25 149 -9 31 32 115 2 8 0 30 40 308 

8 17 12 135 —12 36 33 273 —10 27 23 195 1 41 63 274 
6x 
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54 447 201 
18 25 103 
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TABLE 7. (Continued.) 

h ok I lFol |Fel «° ah ok [Fol |Fed a? h k l [Fol |Fe| @° h ok [Fol |Fe] 0° 
-15 18 15 94 —-9 18 16 331 5 37 53 272 —9 43 43 338 

6 6 0 24 42 85 —-10 15 14 82 6 18 30 184 —1l 43 31 343 
1 16 24 113 -ll1 17 10 41 7 29 33 249 —12 27 27 354 

2 20 28 204 6 il 0 14 #1 7 8 35 37 260 —14 20 20 346 

3 31 44 85 1 19 21 180 10 29 32 276 7 0 46 60 75 

4 15 14 152 2 16 #19 #7 11 21 22 9271 2 14 7 169 

5 22 24 182 3 615 =«619 (Ill 12 19 23 1651 3 40 652 81 

6 27 36 «882 4 29 81 177 —2 73 90 138 5 13 24 89 

7 46 48 286 5 18 20 81 —-3 13 14 271 7 20 23 279 

8 14 #15 6 6 16 20 131 —4 47 45 86 8 23 19 64 

9 33 9 101 —-1 19 15 175 —-5 55 60 93 10 23 22 271 

10 sl 6 30 244 -2 19 19 169 —6 38 51 351 -—F © it oF 

13 19 28 261 —3 17 20 «250 —7 29 = 41 94 —2 43 43 90 

—1 13 320 163 —7 15 16 252 —-8 37 34 60 ——§ 3B 2S 

—-2 63 79 93 —11 18 18 353 —9 33 47 24 —4 21 25 305 

—-3 29 42 138 6 12 0 18 14 28 —10 58 60 80 —-5 37 42 84 

—4 30 35 135 1 15 ill 83 -13 21 20 89 -6 13 19 7 

—-5 63 78 81 —-1 223 25 4 —-14 24 933 3 —§ 3% 8 687 

—-6 15 26 142 —-§ © WW S&S 7 «#64 0 46 72 92 -9 15 7 5 

—7 22 25 100 —-4 15 19 355 1 50 63 118 —ll1 19 17 91 

—8 57 63 91 —-6 16 19 355 2 57 70 173 —12 20 15 275 
—10 29 20 81 6 13 0 15 19 69 3 31 41 = «#55 . 8 1 19 35 192 
—12 19 18 252 7 #0 0 26 27 180 4 18 28 268 2 21 29 60 

ae 0 14 23 312 1 81 97 180 5 13 22 95 —-1 233 33 2% 
1 62 85 181 2 106 115 180 6 23 28 116 —2 16 19 193 

2 16 12 «140 $3 621 «622 «180 7 #27 40 236 7 10 0 38 38 = 91 

3 16 15 235 4 47 56 180 10 45 42 259 -——§ TF BD 8 

4 56 64 174 5 40 40 0 ll 18 22 21 7 #1 0 414 #11 64 

6 30 29 194 6 14 14 0 —1 49 65 175 2 18 13 110 

7 #48 48 157 7 20 25 180 —2 46 54 103 —-2 18 19 205 

8 15 12 219 8 40 30 0 —3 41 62 111 7 12 0 1 13 = 87 

9 21 23 188 9 22 19 0 —4 48 64 186 —-1 21 2 347 

10 18 21 188 ll 63 61 0 —5 37 51 101 —-2 18 20 35 

12 19 19 139 14 35 = 32 0 —-7 18 29 168 8 0 0 iil 5 180 

’ —1 23 2% 152 —1 129 167 180 —-8 49 45 82 1 77 89 180 
—2 45 48 161 —2 56 75 180 -9 9 18 189 3 18 27 180 

, —-3 12 21 294 —4 91- 92 180 —10 23 25 239 4 46 53 180 
—4 34 38 170 —-5 31 17 0 —ll 40 32 50 7 40 43 180 

—-6 14 17 346 —-6 36 47 180 —-13 17 16 355 9 22 20 180 

—7 6 18 ie —7 54 63 180 —-16 22 18 2% ll 29 29 0 

—-8 45 44 350 —9 32 33 180 7 «65 0 412 24 192 -1 26 31 180 

—-9 13 17 342 —10 37 42 180 1 55 62 156 —2 76 77 180 

—10 16 14 188 —12 50 38 180 2 45 38 254 —-3 39 83 

—1l 38 41 353 —-13 12 il 0 3 51 46 186 —4 113 117 180 

6 8 0 2 2 84 —15 38 620 180 4 71 61 185 -—5 31 46 180 
16 22 69 . &@ 0 70 79 236 5 56 37 278 —6 19 19 0 

2 22 31 262 1 24 39 148 6 41 37 193 —7 66 69 180 

3 612 15 48 2 74 90 288 7 59 42 205 —-10 16 2 0 

5 25 32 272 3 42 43 264 8 45 34 221 -—ll1 30 31 0 

6 13 18 80 4 27 35 244 9 44 40 160 —14 39 32 0 

7 2 32 248 5 91 89 262 1l 31 23 215 8 1 0 15 2% 131 

8 18 19 253 7 32 40 275 —1l 46 44 283 1 38 49 81 

10 36 39 276 8 61 57 278 —2 59 58 162 2 69 77 260 

1l 20 9 240 10 34 44 248 —4 34 22 85 4 40 45 251 

12 24 22 277 —1 76 «685 6277 -5 53 41 103 5 48 53 268 

13 #19 20 274 —2 37 38 = 98 —-6 39 44 345 7 62 71 277 

—-l1 16 Ill 650 —3 50 54 311 —7 54 44 90 8 24 24 263 

—2 43 508 —4 29 33 339 -8 26 34 2 9 34 30 212 

—-4 15 16 3 —-5 41 51 74 —9 9 30 355 10 40 50 263 

—-5 73 76 96 —-6 45 40 249 -10 24 18 120 —1 37 88 3257 

-—§ Mo «= -—— @&tt @ —1l -34 87 6 —2 55 60 112 

—7 23 28 69 —-8 31 39 78 —14 11 21 352 —3 51 46 55 
—10 21 24 «464 —-10 71 69 96 7 5 0 60 77 =—90 —-4 24 2% 79 
—ll 18 9 13 —-13 55 49 94 1 21 19 150 —-5 65 71 120 
—12 20 13 275 7 2 0 22 31 63 2 18 21 98 -—7— 2 & &% 

9 0 23 29 65 49 78 183 3 55 76 71 -8 7 70 «679 
1 39 «652 «188 2 33 44 187 6 15 12 16 -§§ w@ WF 83 

2 17 #13 #173 36 6230—CO380so89 7 29 37 259 -10 29 33 93 

3 29 29 122 4 77 96 186 8 19 1 183 —1ll 27 88 97 

4 47 46 175 6 41 43 19 —1l 18 23 120 -13 51 45 61 

6 19 28 174 7 40 49 236 —% 59 70) 9 8 2 0 38 50 94 

7 30 2 181 8 29 39 14 —-3 36 52 117 1 46 74 167 

9 18 23 175 9 24 23 829 —4 26 33 197 2 15 22 11 

—-1 43 47 #177 12 30 25 279 —-5 36 49 110 3 26 387 146 

—-2 28 27 187 14 2 23 338 —6 21 25 101 4 52 72 186 

3 —-4 34 45 193 —1 94 115 184 —8 28 387 101 5 12 22 82 
—-7 16 20 176 —-2 32 35 «(151 -10 27 14 89 6 18 27 211 

—§ 3 MM Si —3 39 47 101 —-1l1 31 26 69 ° 7 #12 28 185 
—ll 25 27 ) —-4 71 82 178 . g 1 35 45 174 8 15 21 13 
—14 18 16 6 —-5 38 49 113 3 15 21 177 10 19 16 300 

6 10 0 9 16 72 —-6 40 44 171 4 49 47 181 1l 26 26 323 
25 23 47 -—7 44 45 209 5 16 7 187 —1l 34 40 162 

2 16 17 «356 —-8 52 44 41 6 35 47 149 —2 80 98 161 

5 15 20 283 —9 44 39 188 7 16 7 200 —4 50 68 149 

8 16 11 254 —10 19 21 168 8 16 9 286 -5 2 38 147 

10 20 24 264 -ll 20 17 3 9 42 49 182 -6 23 29 64 

—-2 40 43 73 —12 35 31 227 10 «18 13 278 —7 52 64 195 

—3 30 37~—SCts«OBL —-15 18 13 235 12 #17 #417 «#156 -8 28 23 356 

—4 20 14 36 —16 22 20 353 —-2 48 56 143 —-9 12 16 54 

—-5 35 38 90 7 3 0 414 17 3834 —-3 26 40 341 —-10 384 385 221 

—6 15 17 355 1 39 62 187 —6 44 61 334 —-ll 57 48 36 

—-7 17 19 6 2 40 56 270 —-7 19 20 89 —-12 23 23 343 

-8 32 29 86 3 29 45 186 -8 25 21 34 —13 9 21 328 
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26 «428 
35 = 33 
43 55 
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16 39 
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16 619 
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36 88 
21 23 
23 «28 
3231 
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34 «31 
43 38 
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13 23 
18 25 
8 15 
33383 
20 20 
16 22 
14 30 
33. OB 
25 36 
21 = 33 
23 «34 
350 41 
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21 34 
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36 «46 
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TABLE 7. (Continued.) 

h ok 1 |Fol |Fe] «° h k l [Fol [Fe] @° h ik l [Fol |Fe] @° h k \Fol |Fej @° 

—-4 30 29 30 1 18 27 335 -5 18 12 291 13 2 0 312 18 WW 

-—-5 29 33 6 2 32 46 86 -—6 18 27 7 1 9 15 258 

—-6 27 26 84 3 382 39 10 —-7 27 23 96 2 21 28 201 

—7 41 42 9 —-1 27 43 81 12 2 0 16 21 169 83 16 24 36 

—9 24 21 61 —2 29 37 340 36 «41 = ~=(O55 56 25 29 187 

—10 27 26 355 —-3 33 40 80 2 30 40 186 8 14 18 188 

10 6 2 29 49 94 —4 34 47 47 3 18 17 169 -—2 30 36 33 

4 31 45 77 —-5 32 37 351 4 11 16 9 —-3 15 15 293 

5 31 38 0887 —-6 29 36 106 5 29 45 178 —4 21 31 310 

7 27 35 84 —-9 23 25 110 8 23 30 177 —-5 33 44 9 

—1 48 62 68 —10 24 20 288 -2 19 25 333 —-6 15 26 260 

-—2 30 «87 «207 ll 4 0 16 2 225 —-3 24 30 250 —7 14 23 2 

—4 23 25 60 } 39 Sl 213 —-4 21 30 12 —8 15 24 328 

—-6 27 20 20 4 27 36 77 —6 15 16 237 -—10 30 28 14 

10 7 1 21 36 352 5 24 30 142 —7 32 40 338 #%&13 #3 0 19 29 321 

4 16 18 334 6 21 25 163 —-8 18 22 287 2 18 22 84 

8 19 27 158 7 #19 24 83 -—10 12 2 6 8 19 28 344 

-—1l 2 26 «17 30 35 182 12 3 0 20 32 16 7 27 2 78 

—2 27 40 354 9 27 24 140 1 30 31 29 -1 19 29 90 

—4 40 50 354 11 23 19 198 2 45 59 63 —4 21 29 65 

—5 28 38 351 12 24 19 73 —-1 46 49 90 -—7 20 23 92 

—7 3506 45335 —1 18 16 44 —-2 25 32 21 13 4 0 414 #18 355 

—10 24 3L 333 —2 18 12 300 -3 27 38 6 —1 17 27 «231 

10 8 0 15 4 24 -3 30 40 253 —-5 26 31 348 #%&13 «#5 0 27 32 344 

1 18 18 66 —4 32 26 81 -7 23 27 83 4 18 20 7 

2 21 36 06=—« 62 —-5 12 20 233 —-8 20 27 297 5 24 28 6 

3 17 IL 286 -8 29 35 243 -9 20 19 116 6 ll 17 8 

> 27 29 91 —1ll 26 33 261 412 4 0 15 2 217 -2 21 19 35 

7 19 28 81 : ee 1 48 47 349 1 16 24 72 -—-3 23 25 2 

—1 16 24 45 3 22 24 292 2 16 25 201 —4 26 22 124 

—2 16 5 291 56 20 15 87 4 29 42 89 —-6 16 #19 17 

-—-3 1 17 1 6 25 27 335 -—2 16 24 3 13 6 —1 23 27 725 

—-4 16 18 97 —-1 23 24 77 —4 20 23 344 -—6 38 45 262 

—5 16 22 260 —2 45 53 355 —-6 24 33 279 13 7 0 23 38 358 

—6 17 20 116 —-3 33 35 60 —-7 23 30 341 2 18 417 834 

—-§ 16 16 256 —-6 35 32 98 —ll 23 23 275 3 19 30 352 

-—10 17 14 280 —7 29 25 > = © 0 30 41 10 #13 8 0 15 3 338 

10 9 —1 19 21 4 -9 28 18 133 1 38 #19 567 #13 9 0 15 16 839 

—2 26 26 350 ll 6 0 15 15 205 2 17 #19 «48 14 0 0 27 34 0 

10 10 Tn Ss @ 1 25 37 104 3 17 26 7 3 36 39 0 

—-1 23 26 92 4 21 34 93 4 29 27 105 4 34 28 180 

10 il 0 15 16 247 -1 30 33 64 6 20 19 4 56 21 13 180 

ll 0 0 42 54 180 —-5 30 26 270 —1l 41 36 116 -—2 19 27 0 

1 11 10 0 -—8 36 42 258 —-2 29 32 15 -8 15 39 0 

3 54 59 180 Ii1 7 0 418 28 342 —-3 27 27 5 —11 30 622 0 

—-3 10 26 180 1 18 81 349 —4 10 2% 9% 14 #1 1 23 33 7% 

—4 54 58 0 -1 19 iil 64 —-5 39 39 324 -—2 18 29 101 

—7 49 46 0 —2 23 33 349 —-6 10 14 168 14 2 3 #17 22 «25 

—9 62 54 0 —4 16 22 3 —8 31 28 328 -1 19 21 250 

-—10 40 42 0 —-5 25 4i1 0 12 7 0 19 29 353 -—2 417 24 340 

—12 44 4i1 0 11 8 0 1 15 290 1 18 23 62 -—3 19 31 12 

Il 1 0 45 S1 57 2 16 27 Qi 2 18 9 91 —-5 24 24 347 
= 3 3. 1b 6 337 3 18 34 355 14 3 1 20 30 76 

2 31 47 #104 4 16 26 88 —2 17 23 336 -—3 19 25 314 

5 18 31 72 5 16 11 69 -5 2 28 358 4 4 24 «25 1 

9 28 27 255 7 #1 2% 77 12 «8 1 18 2 9% 14 5& 0 14 #19 16 

—l1 56 64 84 —-1 19 24 110 7 #18 417 80 1 24 21 94 

—3 35 44 84 —2 15 11 127 —-1 17 14 308 ; a Ff FB 

| —4 16 41 103 —3 17 18 286 -3 20 29 261 3 19 19 2 
' —-5 19 21 1 —-4 15 16 62 —4 16 7 101 —3 22 20 342 
—6 384 41 7 —-5 15 17 281 12 9 0 22 24 34f 14 0 2 13° (25 

—10 30 23 305 -8 19 26 272 #13 O 0 414 4 180 15 0 2 19 27 0 

ll 2 0 33 47 194 1l 9 =—-2.29 34 0 1 24 38 0 -—-3 35 47 0 

15 27 51 11 12 0 15 16 328 5 35 31 180 -8 24 23 0 

' 2 16 19 100 12 =O 1 ll 24 -—2 61 70 0 1 1 1 19 2 74 
3 18 31 161 5 35 48 180 -5 27 40 0 1 2 0 20 34 2 

' 5 26 36 168 8 35 35 180 —-6 26 32 0 3 21 22 6 
4 6 24 31 1651 11 21 21 180 —7 40 45 0 —1 16 20 300 
7 7 #2 38 81 —3 30 20 180 —-10 34 30 0 -—2 15 15 298 
t 8 26 40 178 —-5 17 3 0 -—1ll 27 23 0 —3 21 82 354 
10 12 14 84 —8 32 7 180 -13 24 417 0 41 4 14 19 354 

—2 18 22 139 —10 45 49 0 13 #41 0 20 18 113 #15 5 2 30 29 356 

—3 8 18 163 —11 20 9 180 1 30 45 93 16 0 14 19 0 

—4 34 46 23 12 1 1 16 35 103 4 34 48 96 16 2 0 18 27 4 

—6 16 19 1 2 22 33 111 —-1 48 50 122 -1 13 21 342 

—7 53 55 7 3 14 16 315 —-2 33 36 37 -3 23 26 3 

' —-9 21 24 17 4 34 0COK C4 —3 18 10 291 17 32 0 14 21 295 
—-10 24 33 Wb -1 52 60 51 —-4 40 44 107 a7 (4 0 14 12 3113 

k —12 23 24 338 —2 26 16 344 —7 18 21 111 
H ll 3 0 12 20 88 —-4 44 53 93 —-8 15 23 275 


minimum function ?® was prepared. At the same time a second three-dimensional Fourier 
synthesis based on the iodine phase angles and with coefficients weighted according to the 
method proposed by Sim *° was evauated. In this and many later syntheses the axial sub- 
divisions adopted were a/48, b/48, and c/48, the function thus being evaluated at 55,296 points 


19 Buerger, Acta Cryst., 1951, 4, 531. 
20 Sim, Acta Cryst., 1959, 12, 813. 
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in the unit cell. The three-dimensional functions were displayed as contoured sections drawn 
on sheets of glass or Perspex and stacked in metal frames. 

The second electron-density distribution was then thoroughly compared with the minimum 
function, and strong peaks which were well represented in both functions were considered to 
represent genuine atoms. Over the whole asymmetric unit it proved possible in this way to 
assign co-ordinates to 50 ‘‘ atoms ’”’ other than the two iodine atoms. At this stage relative 
peak heights did not justify any distinction between carbon and oxygen. 

These 50 peaks were now treated as carbon, and, by use of the scattering factor of Berghuis 
et al.*. and a temperature factor of B = 4-9 A®, they were included in the phasing calculations 
for the third Fourier synthesis. When this was drawn out (Fig. 10) it showed a considerable 
diminution of background detail and two distinct and well-separated molecules were clearly 
visible. Although some of the atoms were weak and barely resolved, a total of 76 could now be 
counted, and these were found to group themselves into two chemically identical but differently 
oriented molecules. With this very important double confirmation of each atom it was now 
possible to assign the structure (IV) to epilimonol iodoacetate. 

From this point the refinement of the structure proceeded in a relatively straightforward 
way. Another Fourier synthesis gave better definition to the peaks, and the fifth F, calculation 
reduced the discrepancy R to 22%. A least-squares refinement for 62 atoms was then carried 
out, followed by several further three-dimensional Fourier syntheses, for which it is not necessary 
to give details. The course of the refinement is summarised in Table 1. Termination of 
series errors were taken into account near the end of the refinement by applying back-shift 
corrections based on a three-dimensional F, synthesis. The eighth and final three-dimensional 
Fourier synthesis is shown in Fig. 1 by means of superimposed contour sections drawn parallel 
to (010). All the atoms are now well resolved and the oxygen atoms are represented by 
distinctly higher peaks than the carbon atoms. 

For the final F, calculation the atomic scattering factors used for carbon and oxygen were 
those of Berghuis e¢ al.*1 and for iodine that of James and Brindley 2* with a uniform isotropic 
temperature factor of B = 4-94 A?. The final value for the discrepancy R is 18-1% over all 
structure factors, and we do not think the refinement can usefully be carried further with the 
existing data. The atomic co-ordinates, molecular dimensions, and some non-bonded distances 
are given in Tables 2—6. 


One of us (S. A.) is indebted to the Gourock Ropework Company, another (A. W. D.) to the 
Department of Scientific and Industrial Research, and a third (D. G. W.) to the Carnegie Trust 
for scholarships. 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF GLASGOW. [Received, March 15th, 1961.) 


*1 Berghuis, Haanappel, Potters, Loopstra, MacGillavry, and Veenendaal, Acta Cryst., 1955, 8, 478. 
22 James and Brindley, Z. Krist., 1931, 78, 470. 
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819. The Hydrogen Bonding of Some Substituted Pyrazoles in 
Carbon Tetrachloride Solution. 


By D. M. W. ANpDERson, J. L. DuNcAN, and F. J. C. Rossotrtt. 


Analysis of the concentration-dependence of the infrared spectrum of 
3,5-diphenylpyrazole in carbon tetrachloride solution at 21° + 1° has shown 
that the fundamental N-H stretching band at 3475 + 10 cm.~? is due to the 
free end groups of the monomer and polymers other than the dimer, which 
is cyclic. The hydrogen-bonding equilibria in the concentration range 10™4 
to 2 x 10m may be represented quantitatively by the hypothesis that the 
stepwise self-association constants for the acyclic polymers are all equal. 
The fundamental N-H stretching bands at 3485 + 10 cm." for 3,5-dimethyl- 
pyrazole and at 3480 + 10 cm." for 3,5-diethylpyrazole are, however, due to 
free monomer only. Hydrogen-bonding equilibria in these two systems have 
been quantitatively interpreted in terms of co-existing monomer, cyclic 
dimer, and cyclic trimer in the concentration range 10 to Im. Values of 
the self-association constants are reported. 


A RECENT infrared study! of the self-association of pyrazole in carbon tetrachloride 
solution has indicated that cyclic, hydrogen-bonded dimers (I; R =H) and trimers 
(II; R =H) are formed. A consideration of bond angles suggests that the hydrogen 
bonds in the cyclic trimer will be.almost strainless, and indeed, the thermodynamic 
stability of the trimer was found to be considerably greater than that of the dimer. The 
effect which 3,5-disubstitution in the pyrazole ring has on the nature of the polymers 
formed and on the stability of the products has now been studied. White and Kilpatrick 
have reported ? cryoscopic evidence for trimeric and possibly dimeric 3,5-dimethylpyrazole 
in benzene solution. These species were assumed to be cyclic and linear respectively. 
Preliminary infrared spectroscopic examination of dilute solutions (<10-m) of 3,5-di- 
methyl- and 3,5-diethyl-pyrazole in carbon tetrachloride solution showed fundamental 
N-H stretching modes at 3485 and 3480 + 10 cm.*, respectively, each with a half-band 
width of 20 cm.!, together with broad bonded N-H bands from 3400 to 2000 cm.+. These 


. R HC=CR RC-CH 
Hoe | *N—H s+ No | 
4 N N'\ RC=N N-CR 
HC \ ! CH hy HY 
\ LN N. 7 \ 
es N-N" 
R R RC "cn (11) 
S 
(I) ‘ 


spectra were similar to that of pyrazole! for which the 3485 cm.+ mode was assigned to 
free monomer and the 3400—2000 cm. band to cyclic dimer and trimer. A shoulder at 
3240 + 10 cm.* to the 3175 cm.* band in the pyrazole system ! was assigned to the cyclic 
dimer absorption. Absorptions at 3240 and 3250 + 10 cm." are now assigned to the 
cyclic dimers of 3,5-dimethyl- and 3,5-diethyl-pyrazole respectively {see below). 

Dilute solutions (<2 x 10%m) of 3,5-diphenylpyrazole showed a fundamental N-H 
stretching mode at 3475 + 10 cm.-, with a half-band width of 20 cm.+, a broader band at 
3255 + 10 cm. and a broad bonded band with fine structure in the region 3100— 
2700 cm.!. The 3255 cm. band is assigned to the N-H absorption of a hydrogen-bonded 
dimer. Now, it is well known? that non-linear hydrogen bonds are usually associated 


1 Anderson, Duncan, and Rossotti, /., 1961, 140. 
* White and Kilpatrick, J. Phvs. Chem., 1955, 59, 1044. 
3 Nakamoto, Margoshes, and Rundle, J. Amer. Chem. Soc., 1955, 77, 6840. 
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with smaller frequency shifts than linear hydrogen bonds. We have found * that the 
frequency shift for the linear dimer of imidazole in carbon tetrachloride solution is 360 cm. 
(from 3485 to 3125 + 10 cm.) as compared with shifts of 230—245 cm.+ for the cyclic 
dimers of pyrazole and the two dialkylpyrazoles. It is therefore most probable that the 
frequency shift of 220 cm.* in the 3,5-diphenylpyrazole system is due to a cyclic dimer. 
As the hydrogen bonds in cyclic trimeric pyrazoles are almost linear, the N-H spectrum 
of a cylic trimer will be expected to be much the same as those of linear polymers. Indeed, 
the spectra of the linear imidazole polymers are almost indistinguishable * from that of 
cyclic, trimeric pyrazole in the region 3400—2000 cm.*. It is therefore not possible to 
deduce the conformation of multimers of 3,5-diphenylpyrazole larger than the dimer from 
the broad bonded band. However, a consideration of molecular models suggests that, 
although the benzene rings will allow a cyclic dimer to be formed, larger polymers cannot 
cyclise (cf. I and II). 

The hypotheses that the free end-groups arise from the free monomer only in the 3,5-di- 
methyl- and 3,5-diethyl-pyrazole systems, but from monomer plus polymers other than 
the dimer in the 3,5-diphenylpyrazole systems were tested by quantitative studies of the 
concentration-dependence of the free end-group bands. 


EXPERIMENTAL 


Materials —A commercial sample of 3,5-dimethylpyrazole was recrystallised twice from 
cyclohexane; it had m. p. 107° (lit., 107—-108°). 3,5-Diethylpyrazole was prepared by condens- 
ing equimolar amounts of dipropionylmethane (prepared by Zellars and Levine’s method 5) and 
hydrazine hydrate in ethanol; after distillation under reduced pressure, a colourless solid was 
obtained with m. p. 23—24° (lit., 22—-24°). 3,5-Diphenylpyrazole was prepared similarly from 
dibenzoylmethane. The product was recrystallised twice from carbon tetrachloride and had 
m. p. 199—200° (lit., 200°). Reagent-grade carbon tetrachloride was used without further 
purification, since no infrared absorption was detectable in the region 4000—2400 cm.! when 
the solvent was placed in 4-00 cm. cells. 

Infrared Measurements.—The spectrometer, operating conditions, and the precision of the 
frequency and intensity measurements were the same as reported previously.1 Carefully 
matched pairs of 4-00, 2-00, and 1-00 cm. Unicam quartz cells were used for precise measure- 
ments in the concentration range 10 to 10°m. A pair of cells of variable path-length, set at 
5-000 + 0-005 mm. and fitted with rock salt windows, was used for less precise measurements 
in the concentration range 10°*—1m on the dialkylpyrazoles. 

Stock solutions of the pyrazoles were prepared by semimicro-weighing, and dilutions were 
made by using an Agla micrometer syringe. Spectra of 3,5-dimethylpyrazole were obtained 
at 19° + 1°, and all other spectra were obtained at 21° + 1°. 

The most dilute solutions that could be studied (total pyrazole concentration, B ~ 104m) 
were still slightly (~5%) hydrogen-bonded. It was, therefore, impossible to confirm that the 
intensity of the fundamental N-H stretching bands of the free monomers adhered to Beer’s 
law. However, by using 4-00, 2-00, and 1-00 cm. cells, and a range of values of B, it was shown 
that the intensities of the free end-group bands adhered to Lambert’s law within +1%. Values 
of the apparent molar extinction coefficients ¢, of the monomers at the end-group frequencies 
were obtained by short graphical extrapolations * as- lim (log J,/I)/Bl, where I, and I are the 

B>90 


intensities of the incident and transmitted radiation, and / is the celllength. On the reasonable 
assumption * that the values of the extinction coefficients of all non-cyclic polymers in a 
particular system are equal at the end-group frequency, the total end-group concentrations e 
may be calculated from the relation 


eS eT” ee ee ee a ee 
The relevant data are given in Tables 1, 3, and 4 below. 


* Anderson, Duncan, and Rossotti, J., 1961, 2165. 
5 Zellars and Levine, J. Org. Chem., 1948, 18, 161. 
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INTERPRETATION OF THE DATA 
3,5-Diphenylpyrazole 
Calculation of Concentration Variables.—The sum of the concentrations of the Q polymers, 
which coexist, is given by 
Q Q 
oe) > | eee eee 
1 1 


where B, is the concentration of the qth polymer B,, b is the free monomer concentration, and 
the self-association constants are defined by 


ener se es ee Se em Se erly 
The relation 


Q Q 
e=b+ SBe=b+ Sb! ©. . . . . . (fd) 
3 3 


is a quantitative expression of the hypothesis that the dimer is cyclic, but that all other 
polymers are linear. Combining eqns. (2), (3), and (4), we derive 


e=S—B,=S— 6,8" ......- S& 
The total solute concentration is given by 
Q Q 
B= 2B, = 2B robt a ee a a 
and related to S and b by the integral 
log (b/b,) = (1/2+303) fae oo 
8 


A method of finding a reference point (B,, S;, b,) has been described previously.** The limiting 
forms of eqns. (2), (3), and (4), viz. 

lim [(B — b)/2b?] = lim [(S — b)/b?] = Bay 

b—>0 b>? 


and 


lim [(e — b)/b?] = 0, 
b—>0 


eqn. (5), and eqn. (7) were used to calculate values of S and b from the experimental values 
of B and e by an iterative procedure. Convergent values, obtained after five cycles of calcul- 


ation, are included in Table 1. 


TABLE 1. Infrared absorbancies at 3475 cm. for associated 3,5-diphenylpyrazole at 
21° + 1° and concentration variables derived therefrom. 


€, = 258 + 1 


10‘B log I,/I 10%e 104S 104 10‘B log I,/I 10% 104S 10 
1-000 0-100 0-969 — — 8-000 0-636 6-171 6-700 5-866 
2-000 0-194 1-880 1-934 1-870 9-000 0-695 6-740 7-359 6-340 
3-000 0-281 2-721 2-833 2-695 10-00 0-749 7-259 7-938 6-738 
4-000 0-363 3-519 3-706 3-466 12-00 0-421* 8-156 9-004 7-427 
5-000 0-438 4-245 4-512 4-151 14-00 0-464* 8-993 9-977 8-007 
6-000 0-511 4-952 5-305 4-797 16-00 0-503* 9-738 10-84 8-484 
7-000 0-576 5-580 6-025 5-359 18-00 0-538* 10-42 11-63 8-888 


* 2-00 cm. cells; all other results refer to 4-00 cm. cells. 


Determination of the Stability Constants.—The number-average degree of self-association 
g = B/S increases from 1 to 1-55 in the concentration range 10 < B < 2 x 10 mM (saturated 
solution), and the average number of monomeric units in each polymer ¥ = (B — 8)/(S — b) 
increases from 2 to 3-3. Hence, the value of Q in the saturated solutions must be at least 4. 


An attempt to interpret the data B(b) and S(b) quantitatively in terms of co-existing monomer, 
* Rossotti and Rossotti, ]. Phys. Chem., 1961, 65, 926. 
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dimer, trimer, and tetramer, by following the procedure described in ref. 6 for ‘‘ systems 
containing few species,” indicated that the system contained larger polymers than the 
tetramer. A similar attempt to interpret the data e(b) indicated that the system contained 
larger polymers than the pentamer. This conclusion was not unexpected as the functions 
q(B) and 9(B) are comparable with those for the imidazole system,‘ in which species as large as 
decamers are evident at a total concentration equal to the solubility of 3,5-diphenylpyrazole in 
carbon tetrachloride at 21° (B = 2 x 10m). 

Consequently, it was assumed that Q has a very large value, and the data B(b) and S(b) 
were treated by the methods described in ref. 7 for ‘“‘ systems containing many species.” The 
pair of experimental functions log T (log b) and log © (log b) were compared with pairs of 





i 
+107 


ro 


Fic. 1. Experimental data log T, log b 
(open circles) and log 86, log b (closed 
circles) for the 3,5-diphenylpyrazole 
system superimposed in the position 
of best fit on normalised curves log T 
(log b) and log ® (log b), calculated by 
assuming Hypothesis I. 
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normalised functions log T (log b) and log © (log b) calculated by Rossotti and Rossotti? on a 


number of simple two-parameter hypotheses. The auxiliary concentration variables are 
defined by 


T = (B — D)/b 
and 

© = (S — b)/b 
and the normalised variables by 

T = TK/[B x9, 

6 = OK/B.0, 
and 

b = OK. 


The required stability constants 8,. are related to 8.) and the parameter K in different ways for 
each hypothesis (see below). The experimental functions were found to be of the same shape as 
portions of the normalised curves described in ref. 7 by hypotheses I, III, and IV (see Fig. 1). 
For these models, 879, 829 and K are inter-related by the equations 


Dn a a a a ee ee 
Boo = Book? 2/(q md 1) a ° e . . . ° . . (9) 

and 
Boo = Bulg — 1)KT*, . . «. «© - © « © (10) 


respectively. Values of the parameters 8,, and K for each hypothesis were obtained by the 
curve-fitting procedure,’ and values of 8,5 calculated by substitution into eqns. (8), (9), and (10). 

The data B(S) were also found to conform to Lassettre’s two-parameter equation ® and are 
well represented by the linear equation 


(B — S)/S?=610B/S— 440. . . . . . . (ID 


7 Rossotti and Rossotti, J. Phys. Chem., 1961, 65, 930. 
8 Lassettre, J. Amer. Chem. Soc., 1937, 59, 1383. 
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>ms 
the According to this model, the required stability constants are related to the slope Cg and 
ned intercept Cg of eqn. (11) by the relation 
ons m = q-2 
sas Th, ce + @ — mcs] 
e in Beg = a . (12) 
S(b) Values of the first few self-association constants for the cyclic dimer and linear polymers 
The of 3,5-diphenylpyrazole are collected in Table 2. Actual values of the equilibrium constants 
3 of presumably lie within the ranges delineated by the various methods, which have given results 
in substantial agreement. It is often possible ® to restrict the choice of two-parameter 
hypotheses by back-calculation of the function B/S(B) by substituting the appropriate 
stability constants into eqns. (2) and (6). In the present system, back-calculation of the 
experimental function B(e) provides an additional check. However, it was not possible to 
8, 8 
og b 100 —_ 
losed 
azole 
ition 75 
og T @ 
d by Fic. 2. The percentage distributions a 
(L00Z¢B,)/B of the 3,5-diphenyl-  @*— < 
pyvazole multimers in carbon tetra- . ° 
chloride at 21° plotted as a function W ‘ee 
of log B. re) |S 
GO 25Fr > 
= | c 
12 
Le) 1 1 ! 3 
on a 40 3:0 2:0 
oss -log 8 
differentiate between the various sets of constants since the limited solubility of 3,5-diphenyl- 
pyrazole restricts the range over which B may be varied. In so far as Hypothesis I [cf. eqn. (8)] 
TABLE 2. Self-association constants on the molar scale for the 3,5-diphenylpyrazole 
system obtained by the various methods. 
Hypothesis I Hypothesis III Hypothesis IV Lassettre 
log Boo . 219 + 0-03 2-18 + 0-04 2-15 + 0-04 2-23 + 0-03 
log Bo 5-01 + 0-04 5-08 + 0-06 5-06 + 0-05 4-91 + 0-03 
log Bao 7-83 + 0-05 7-80 + 0-08 7-85 + 0-06 7-70 + 0-04 
log Bso 10-65 + 0-06 10-40 + 0-10 10-58 + 0-07 10-54 + 0-04 
log Boo 13-47 + 0-07 12-90 + 0-12 13-29 + 0-08 13-41 + 0-05 
s for log Bao 2-19 + 2-18 + (q¢ — 2)3-20 2-15 + (q — 2)2-61 See eqn. (12) 
€ as (q — 2)2-82 — log (q — 1)! + log (¢ — 1) 
E. ps 
1) represents the simplest model, there is no valid reason for preferring the other less simple two- 
parameter models. 
8) The percentage distribution of 3,5-diphenylpyrazole between the various polymers has been 
9 calculated as a function of the total pyrazole concentration, B, by substituting the constants 
9) for Hypothesis I into eqn. (6). These data are shown in Fig. 2. Significant concentrations of 
0 all polymers up to the decamer appear to co-exist in saturated solutions. The lower solubility 
0) of 3,5-diphenylpyrazole than of pyrazole is therefore due, not only to tHe phenyl substituents, 
pheny!py P) f pacny? ; 
> the but also to the more extensive self-association. Apart from the fact that the dimer is cyclic, 
(10) there is a close resemblance to the imidazole system over the same concentration range (compare 
| one Fig. 2 with Fig. 4 in ref. 4). 
3,5-Dimethylpyrazole and 3,5-Diethylpyrazole 
1) The experimental data B(e) for 3,5-dimethylpyrazole could be represented by the linear 
equation 
(B — e)/e? = 137,150e + 568. . . . . . . (13) 
® Rossotti and Rossotti, J. Phys. Chem., submitted for publication. 
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Standard deviations, found by an unweighted least-squares procedure, were +2150 and +3-2 
in the slope and intercept respectively. By precisely the same argument as. was used for 
pyrazole,! we infer that eqn. (13) is identical with eqn. (6) where Q = 3, viz. 


F = (B — b)/b® = 284, + 3Bggd, . - - «© - ee CCTM) 
and that the dimer and trimer are both cyclic. The data B(e) for 3,5-diethylpyrazole could 


similarly be represented by 
(B — e)/e? = 18,3000 4+ 219 . . . . «. « «© (18) 


with standard deviations of +500 and +3-0 in the slope and intercept, and similar deductions 
follow. 


TABLE 3. Infrared absorbancies at 3485 cm. for associated 3,5-dimethylpyrazole at 
19° + 1° and concentration variables derived therefrom. 


e, = 295 + 2 


eee 1-000 2-000 3-000 4-000 5-000 6-000 7-000 8-000 9-000 
log I,/IJ ... 0114* 0-213* 0-306* 0-392* 0-472* 0-548* 0-620* 0-688* 0-749* 
BOE ewases — 1-810 2-591 3-322 3-998 4-641 5-248 5-831 6-352 
a ee — — — 3-650 -- 5-295 — — 7-615 
ys ee 10-00 12-00 14-00 16-00 18-00 20-00 22-00 24-00 26-00 
log I,/J ... O407¢ 0-463 O-5I3t O-567¢ O614¢ 06547 0-345 0-369 0-387 
is A 6-857 7-848 8-711 9-612 10-41 11-09 11-69 12-51 13-12 
it Ae — 9-822 -— 12-64 — 15-20 — — 19-06 
ig rere 28-00 30-00 32-00 36-00 40-00 45-00 50-00 55-00 60-00 
log I,/I .... 0-407 0-422 0-439 0-471 0-498 0-536 0-565 0-597 0-627 
gs Mee 13-80 14-31 14-88 15-97 16-89 18-18 19-15 20-23 21-25 
ee — — 22-74 25-09 27-27 30-41 32-81 35-72 38-50 
gg ee 70-00 80-00 90-00 100-00 

log J,/I ... 0-680 0-730 0-775 0-820 

oo 23-04 24-75 26-26 27-79 

BO <ttace 43-74 49-26 54-16 59-63 


* 4-00 cm. cells 


+ 2-00 cm. ce ef Other results refer to 1-00 cm. cells. 


TABLE 4. Infrared absorbancies at 3480 cm. for associated 3,5-diethylpyrazole at 
21° + 1° and concentration variables derived therefrom. 


e, = 22541 
10*B ...... 1000 2000 3-000 4000 5-000 6000 7-000 8000 9-000 
log I,/I ... 0-088* 0-172* 0-:254* 0-332* 0-408* 0-481* 0:552* 0-621* 0-687* 
yes 0-978 1916 2821 3688 4528 5343 6129 6901 7-635 
ee — — — 3-829 = 5-666 — — 8-310 
10*B ...... 10-00 1200 1400 16:00 1800 20:00 25:00 30:00 35-00 
log I,/I ... O-751* 0-439¢ 04987 0-553t 0-608¢ 0-662+ 0390 0-447 0-501 
10% ...... 8-337 9761 11-07 1228 1351 14-71 17:34 19:86 22-26 
 _oe — 10-87 ne 14-06 — 17-29 20:96 24-69 28-39 
10*B ...... 40:00 45:00 50:00 60-00 70:00 980-00 
log I,/I ... 0-547 0595 0-640 0-720 0-791 0-856 
—— 24-31 26-44 28-44 32:00 35:16 38-05 
BE -antels 31-69 35:27 38:72 45-21 51:33 57-27 


*t See Table 3. 


As a check on the interpretation of these data, values of S were calculated from the experi- 
mental data B (b) by using Kreuzer’s analogue !° of eqn. (7), viz. 


b 
S — S, = 2-303 | B d(log b). 
b 


The method of finding a convenient reference point (B,, S,, b,) has been described in ref. 6. 
Values of S so calculated are given in Tables 3 and 4, and were used to construct the appropriate 
rearranged form of eqn. (2): 


d = (S — b)/b® = Bao + Bod. -. . . « « « « (16) 
1 Kreuzer, Z. phys. Chem., 1943, 58B, 213. 











bo 


iS 


[1961] Swubstituted Pyrazoles in Carbon Tetrachloride Solution. 4207 


Substitution of the normalised variables 


F= F/B20, 

= $/Bs0» 
and 

b= bB20/B 20 


into eqns. (14) and (16) gives 
log F = log (2 + 3b) 
and 


log ® = log (1 + b). 


Values of fy) and 63, were obtained by simultaneously curve-fitting * the pair of experimental 
functions log F (log 6) and log ¢ (log b) with the normalised curves log F (log b) and log ® (log b) 


Fic. 3. Experimental data log F, log b (lines) 
and log ¢, log b (circles) for (a) the 3,5-di- 
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methylpyrazole system and (b) the 3,5-diethyl- Fic. 4. The percentage distributions 100qB,/B 


pyvazole system superimposed in the positions 
of best fit on normalised curves log F (log b) 
and log ¢ (log b). The upper and right-hand 
scales refer to (a) and the lower and left-hand 
scales refer to (b). 











of (a) the 3,5-dimethylpyrazole species and 
(b) the 3,5-diethylpvrazole species in carbon 
tetrachloride at 18° and 19°, respectively, 
plotted as functions of log B. 


























(see Fig. 3). Values of the stability constants for the cyclic dimers and trimers, calculated by 
using the linear equation and curve-fitting methods are given in Table 5. The agreement 
between the values found by the two methods confirms the identification of cyclic dimer and 
cyclic trimer. 

The percentage distributions of the 3,5-dialkylpyrazoles between monomer, cyclic dimer, and 
cyclic trimer have been calculated as functions of the total concentration of pyrazole, B, by 
using eqn. (14) (see Fig. 4). The precise infrared measurements from which the equilibria have 
been deduced extend over the concentration range 10*<B< 10%m. However, the 
percentages of monomer, which may be calculated from less precise data in the range 10° < 
B < IM, are in good agreement (+5%) with those shown in Fig. 4. Our values of By5 and Bg 
are therefore considered valid for B < 1m, and there is no evidence for detectable concentrations 
of larger multimers than the trimer within this wider concentration range. 

A comparison of the spectra with the data summarised in Fig. 4 suggests that the cyclic 
dimers are responsible for the bands at 3240 + 10 and 3250 + 10 cm. in the 3,5-dimethyl- 
and 3,5-diethyl-pyrazole system, respectively. No assignments have been made for the N-H 
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peaks of the trimers, owing to the presence of the C-H peaks of the alkyl substituents. The 
spectra of the dialkylpyrazoles in other non-associated solvents, e.g., chloroform and methylene 
dichloride, are qualitatively similar to those in carbon tetrachloride. It is therefore likely that 
cyclic dimers and trimers are formed in all solvents of this type. 


TABLE 5. Self-association constants on the molar scale for the 3,5-dialkylpyrazoles. 


3,5-Dimethylpyrazole 3,5-Diethylpyrazole 
Eqn. (13) Curve-fitting Eqn. (15) Curve-fitting 
| epee 2-453 + 0-003 2-454 + 0-005 2-041 + 0-006 2-042 + 0-005 
I cnccnsiniiionktonns 4-660 + 0-007 4-662 + 0-025 3-785 + 0-012 3-774 + 0-025 


DISCUSSION 


The self-association of 3,5-dimethyl- and 3,5-diethyl-pyrazole in carbon tetrachloride, 
like that of pyrazole itself, results in the formation of a cyclic dimer and a cyclic trimer. 
Although 3,5-diphenylpyrazole also forms a cyclic dimer, cyclisation of the trimer is 
prevented by steric hindrance between the benzene rings. Hence, an extensive series of 
larger polymers, which associate through a single hydrogen bond, is formed. The 
behaviour of this system may be regarded as intermediate between that of pyrazole and 
imidazole, which has been shown to form an extensive series of linear polymers.* (For 
simplicity, it is assumed that conformational equilibria between linear and cyclic forms 
are unimportant.) 

The quantitative results of our infrared studies of the hydrogen bonding in these 
systems are summarised in Table 6. The cyclisation of the dimeric pyrazoles implies that 
the more negative enthalpy change accompanying the formation of two bent hydrogen 
bonds in place of one linear hydrogen bond, together with any positive entropy of desolv- 


TABLE 6. Summary of self-association constants on the molar scale for imidazole and the 
pyrazoles in carbon tetrachloride solution. 


Compound Temp. log Bao log K, log K, (q > 4) log (Bs9/K3) 
IIE | vevxcesxencsess 18° 1-677 + 0-009 2-20 + 0-02 — co — 0-523 + 0-029 
3,5-Dimethylpyrazole 19 2-454 + 0-005 2-21 + 0-02 — 0-244 + 0-025 
3,5-Diethylpyrazole ... 21 2- 042 - + 0-005 1-73 + 0-02 — 0-312 + 0-025 
3,5-Diphenylpyrazole 21 2-19 + 0-03 2-82 + 0-01 2-82 + 0-01 * —0-63 + 0-02 
EE © vccccnctessccec 18 2-37 + 0-03 2-88 + 0-01 2-88 + 0-01 * —0-51 + 0-02 


* On Hypothesis I. 


ation of the monomers, more than offsets the entropy loss on cyclisation. 3,5-Di- 
substitution stabilises the cyclic dimers, the stabilisation being most pronounced with 
methyl groups between which steric interference is impossible. Free rotation of the 
ethyl substituents is probably restricted, and the phenyl substituents are probably forced 
slightly out of the plane of the dimeric ring. 

It is noteworthy that the linear dimer of imidazole is comparable in stability with the 
cyclic dimers of the pyrazoles. This presumably implies that the hydrogen bond between 
two imidazole molecules is stronger than that between two pyrazoles. In the imidazole 
system, the equilibrium constant K, for the catenation 


B, + B= B, aes a «vee SS 
is larger than the constant for the catenation 
B+B=—B, a a ae ee 


since the enthalpy change will favour " reaction (17) rather than (18) and the accompany- 
ing decrease in entropy will be less.12 The entropy argument also applies in the pyrazole 
system, even though both the dimer and the trimer are cyclic. However, even though the 


11 Coggeshall, J. Chem. Phys., 1950, 18, 978. 
1 Saroléa-Mathot, Trans. Faraday Soc., 1953, 49, 8. 
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methyl groups do not sterically hinder the dimerisation, they may hinder the trimerisation 
(cf. [and II; R= Me). Although (gp is larger for 3,5-dimethylpyrazole than for pyrazole, 
it is significant that the values of K, are approximately equal. Steric hindrance to 
trimerisation is even more pronounced with the larger ethyl substituents, and Ky is even 
smaller, compared with 59, than in the dimethyl system. However, with 3,5-diphenyl- 
pyrazole, Kg is again larger than {9, since the benzene rings completely prevent cyclisation 
of the trimer. The ratio K4/9 is even larger in this system than in the imidazole system, 
since the dimer is cyclic in the former and both dimer and trimer are linear in the latter 
system. 

These arguments can be tested by determination of the heat and entropy changes. We 
have just learned that Kilpatrick and Vinogradov have already studied the 3,5-di- 
methylpyrazole system in carbon tetrachloride and benzene over a wide temperature 
range, and agree with our conclusion that a cyclic dimer and cyclic trimer are the only 
polymers detectable. 


We thank the Carnegie Trust for a Research Scholarship to J. L. D. 
DEPARTMENT OF CHEMISTRY, UNIVERSITY OF EDINBURGH. [Received, April 10th, 1961.) 
'3 Kilpatrick and Vinogradov, personal communication, April Ist, 1961. 
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820. The Effect of Polyphosphoric Acid on the «- and the 
8-Form of 2-Bromo-5-nitroacetophenone Oxime. 


By N. H. P. Situ. 





The two stereoisomeric forms of 2-bromo-5-nitroacetophenone oxime have 
been isolated; in polyphosphoric acid, each gives the normal product of 
Beckmann rearrangement. Under the conditions of the rearrangement, no 
stereochemical interconversion was detected. 


THE two stereoisomers of 2-bromo-5-nitroacetophenone oxime were isolated by 
Meisenheimer and his co-workers,! who designated them «- (I) and @- (II). On Beckmann 
rearrangement the «-form gave 2-bromo-5-nitroacetanilide (III), whereas the §-form 
resisted rearrangement. The effect of polyphosphoric acid, a vigorous reagent for the 
Beckmann rearrangement,” has been investigated, particularly on the 8-oxime. 


NOH HO~ ny . Pes 
I " 
Br Cc Br Cc Br CMe Br 
CY ‘Me CY “Me Cyr © eae 
NO NO NO NO, NO 
(I) . (1 . qu) (IV) ~~ 


In view of the wastefulness of the initial stage of the published synthesis ' of 2-bromo-5- 
nitroacetophenone, this ketone was prepared by the reactions: 


o-CgHy(NH,)*CO,H ——B 0-C,gH,BreCO,H —— 0-C,H,Br°COCl . 
—> 0-C,H,BreCOMe —— 5,2-NO,°C,H3BreCOMe 


the third step involving reaction with ethoxymagnesiomalonic ester, followed by hydrolysis 
and decarboxylation. Each of the pure stereoisomers (I) and (II) was isolated by 
fractional crystallization. The acetate obtained from the «-form was stereochemically 
homogeneous; however, repeated recrystallization of the acetylation product of the 
8-oxime caused a steady rise in its melting point, but a widening melting range. It appears 


1 Meisenheimer, Zimmermann, and von Kummer, Annalen, 1926, 446, 205. 
2 Horning and Stromberg, J]. Amer. Chem. Soc., 1952, 74, 2680. 











4210 Effect of Polyphosphoric Acid on 2-Bromo-5-nitroacetophenone Oxime. 


that transformation of the 8- into the «-form occurs during crystallization, for whereas 
alkaline hydrolysis at room temperature of the «-acetate regenerated the stereochemically 
pure «-oxime, similar treatment of the 8-acetylation product gave the benzisoxazole (IV) 
together with «-oxime; the nearer the melting point of the recrystallized acetylation 
product approached that of the a-acetate the greater was the amount of «-oxime obtained 
on hydrolysis. 

Beckmann rearrangement of the «-oxime proceeded smoothly in polyphosphoric acid 
and gave the anilide (III) in high yield. The $-oxime was recovered unchanged after being 
heated at 100° for 30 minutes in concentrated sulphuric acid (cf. Meisenheimer +4); in poly- 
phosphoric acid it reacted smoothly, though apparently not as readily as did the «-oxime, 
and gave exclusively the hitherto unknown 2-bromo-N-methyl-5-nitrobenzamide (V). 
This was extremely resistant to hydrolysis, boiling concentrated hydrochloric acid, and 
60° v/v sulphuric acid being without effect on it; its structure was therefore proved by 
synthesis as follows: 

o-CgHyBreCO,H ——B 5,2-NO,°CgH3Br*CO,H ——B 5,2-NO,°CgHgBr*CO-NHMe (V) 


EXPERIMENTAL 


Oximes of 2-Bromo-5-nitroacetophenone.—A solution of diethyl ethoxymagnesiomalonate in 
ether (sodium-dried; 70 ml.) was prepared (cf. ref. 3) from diethyl malonate (14-3 g.), magnesium 
2-2 g.) and ethanol (magnesium ethoxide-dry; 11 ml.). To this was added during 15 min. a 
olution in dry ether (25 ml.) of o-bromobenzoyl chloride (17-8 g.), b. p. 123—125°/18 mm. 
(Found: Cl, 16-0. Calc. for C;H,BrClO: Cl, 16-2%), prepared from o-bromobenzoic acid 4 and 
thionyl chloride. The mixture was heated under reflux for 4 hr. during which a grey-white 
solid separated. Hydrolysis with sulphuric acid gave o-bromoacetophenone (14 g., 87%), b. p. 
111—113°/8 mm., 7,7! 1-5669 [semicarbazone > (from aqueous pyridine), plates, m. p. 176-5— 
177°}. 2-Bromo-5-nitroacetophenone, obtained from o-bromoacetophenone by the published 
procedure,! was converted in the usual manner ! into the oxime, the two stereoisomeric forms of 
which were readily separated by fractional crystallization, the «-oxime as needles, m. p. 171— 
172°, from aqueous ethanol, the B-oxime as prisms, m. p. 132-5—134°, from ethanol. 

Acetyl Derivatives.—A solution of «-oxime (0-26 g.) and redistilled acetic anhydride (0-5 ml.) 
in anhydrous pyridine (0-8 ml.) at room temperature deposited needles overnight. 
Decomposition of the mixture with ice-water and hydrochloric acid gave the a-acetate (0-28 g.). 
This separated from light petroleum (b. p. 80—100°)—benzene as needles, m. p. 156—156-5° 
(Found: C, 40-2; H, 3-1; N, 9-4; Br, 26-2. C,H,BrN,O, requires C, 39-9; H, 3-01; N, 9-3; 
Br, 26-5%). In daylight these crystals became pink, a phenomenon noted ® also for acyl 
derivatives of other oximes. 

A yellow colour developed immediately when a warm (40°) solution of the «-acetate deriv- 
ative (0-23 g.) in dioxan (2 ml.) was treated with N-sodium hydroxide (3-1 ml.). After 2 hr. at 
room temperature, acidification of the mixture gave the «-oxime (0-19 g.), m. p. and mixed 
m. p. 171—172°. 

A product prepared as above from the B-oxime had m. p. 87—98°. When this was 
hydrolysed as in the former case, needles of the isoxazole ! (IV), m. p. 130—130-5°, began to 
separate almost at once from the deep yellow solution. These were filtered off; acidification of 
the filtrate gave the a-oxime, m. p. and mixed m. p.,171-5—172°. 

Beckmann Rearvangements.—The following general procedure was used: The oxime was 
added portionwise to hot polyphosphoric acid [from syrupy phosphoric acid (150 ml.) and 
phosphorus pentoxide (320 g.) (cf. ref. 7)]. Between additions, the mixture was stirred and 
any lumps of solid were crushed; portions of oxime were added only when the material of the 
previous addition had almost completely dissolved. After further heating, the mixture period 
was decomposed by ice-water, and the solid was collected. 

The a-oxime (1-0 g.), when kept in polyphosphoric acid (30 g.) at 100° for 30 min., 

3 Reynolds and Hauser, Org. Synth., 1950, 30, 70. 

4 Graebe, Annalen, 1893, 276, 56. 

5 Elson, Gibson, and Johnson, /., 1930, 1131. 

® Shine, J. Org. Chem., 1958, 23, 318. 

7 Uhlig, Angew. Chem., 1954, 66, 435; Badger and Sasse, J., 1957, 4. 
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gave 2-bromo-5-nitroacetanilide (0-76 g.), which separated from aqueous ethanol as needles, 
m. p. 180—180-5° (Meisenheimer ! gives m. p. 180°) (Found: C, 37-3; H, 2-6; N, 10-9. Calc. 
for C,H,BrN,O,: C, 37-1; H, 2-6; N, 10-8%). The $-oxime (0-5 g.), when kept in poly- 
phosphoric acid (15 g.) at 100° for 1 hr., gave 2-bromo-N-methyl-5-nitrobenzamide, needles (from 
benzene), m. p. 185-5—186°, undepressed by admixture with a specimen synthesized as below 
(Found: C, 37-3; H, 2-8; N, 11-0. C,H,BrN,O, requires C, 37-1; H, 2-7; N, 10-8%). 
2-Bromo-N-methyl-5-nitrobenzamide.—2-Bromo-5-nitrobenzoic acid® (prepared by the 
nitration of o-bromobenzoic acid) was converted by thionyl chloride into the acid chloride, b. p. 
111°/1-66 x 10° mm., pale yellow rhombs [from light petroleum (b. p. 40—60°)], m. p. 62—64° 
(Found: Cl, 13-2. C,H,O,BrCIN requires Cl, 13-4%). A solution of this compound (2-0 g.) 
in dry dioxan (10 ml.), was treated with 25% w/v aqueous methylamine (4:0 ml.). The 
exothermic reaction gave the amide (1-6 g.), which separated from aqueous ethanol as needles, 
m. p. 185-5—186° (Found: C, 37:2; H, 2-9; N, 10-8; Br, 30-7. Calc. for C,H,BrN,O,: C, 
37-1; H, 2-7; N, 10-8; Br, 30-8%). 
The author thanks Professor H. N. Rydon for his interest, and Mr. B. Manohin and his 


staff for the microanalyses. 


MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY, 
MANCHESTER, 1. [Received, April 18th, 1961.] 


8 Holleman and de Bruyn, Rec. Trav. chim., 1901, 20, 206; cf. Rhalis, Annalen, 1879, 198, 110. 





821. Studies in the Synthesis of Terpenes. Part VII.* 
Synthesis of 9-Methyl-6-ox0-A*-1-octalylacetic Acid. 


By B. R. Davis, S. R. Gupta, and T. G. HALSALL. 


Two methods have been devised for the synthesis of the substituted cyclo- 
hexanone (IX). This has been converted into the octalylacetic acid (XIV; 
R = H). 


AN intermediate of interest for the synthesis of triterpenes is the bicyclic acid(I).4? It 
had been our aim to synthesise it starting from 10-methyl-A™)-octal-2-one (II) by way 
of the decalone (III).4 Attempts, however, to bring about alkylation at Cy) in the 
decalone all failed. Very recently Church, Ireland, and Marshall? have introduced a 
substituent in this position in a different, but very ingenious manner, by pyrolysing the 
compound (IV) to the aldehyde (V). . 

Our attention has now turned to the possibility of preparing the intermediate (I) by 
starting with the acid (XIV; R = H), which already contains a substituent at the position 
equivalent to Cy) in the triterpenes, and bringing about the transformations on it already 
accomplished with the octalone (II). As a preliminary, the synthesis of the acid (XIV) 
has been studied. 

Ethyl 2-methyl-3-oxocyclohexylacetate (IX; R = Et) has been prepared by two 
methods. In the first, the starting material was 2-methylcyclohexane-1,3-dione which 
was converted by the procedure of Eschenmoser, Schreiber, and Julia * into the isobutyl 
enol ether (VI). The ether was treated under Reformatsky conditions with zinc 
and ethyl bromoacetate, giving the cyclohexylideneacetate (VII) in 50% yield. Its 
ultraviolet absorption (Amz, 2650 A, « 18,000) indicated that the intermediate 
6-hydroxy-ester had been dehydrated and that no homoannular diene was present. The 
enol ether group was cleaved by dissolving the product (VII) in a small volume of methanol 


* Part VI, J., 1961, 3251. 

! Stork, Davies, and Meisels, J]. Amer. Chem. Soc., 1959, 81, 5516. 

* Church, Ireland, and Marshall, Tetrahedron Letters, 1961, No. 1, 34. 
3 Halsall, Rodewald, and Willis, J., 1959, 2798. 

* Eschenmoser, Schreiber, and Julia, Helv. Chim. Acta, 1953, 36, 482. 
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and adding a catalytic amount of hydrochloric acid. After the solution had been kept 
at 20° for about 15 minutes it was worked up and the big xenone (VIII) was obtained 
in good yield: its ultraviolet and infrared spectra [Amax, 2425 A, e« 12,250; Year, Liao 


CO,H - CHO 





All the substances obtained are racemates. 


(satd. CO,Et), and 1667 and 1616 (C=C-CO-) cm.*] showed that an «$-unsaturated ketone 
grouping was present rather than an «$-unsaturated ester grouping. The cyclohexenone 
(VIII) was finally hydrogenated over palladium-charcoal to give the ethyl ester (IX; 
R = Et). 

In the second method 2-methylcyclohexanone was used as starting material. It was 
converted by the procedure of Warnhoff and Johnson 5 into 2-methylcyclohex-2-en-l-one 
(X), and this into the cyclohexylmalonate (XI) in 78% yield by Michael addition of the 
anion from diethylmalonate across the double bond. ° The keto-group in the malonate 
(XI) was protected by ketalisation using triethyl orthoformate, and the resulting ketal 
ester (XII) was partially hydrolysed with one mol. of potassium hydroxide in aqueous 
ethanol. After hydrolysis of the ketal the resulting acidic fraction was decarboxylated to 
a mixture of the cyclohexylacetic acid (IX; R = H) (17%) and its ester (IX; R = Et) 
(63%). The ester was identical with that prepared from 2-methylcyclohexane-1,3-dione. 
As it was prepared by a method which will permit the methyl group next to the carbonyl 
group to take up the more stable configuration it is likely that the methyl group is trans 
to the ethoxycarbonylmethyl group. 


CO,Et CO,Et 


O 
Me Me 
———p | 
Bu'O Build 
(VI) (VII) (VIII) (IX) 
CO,H 
CH(CO,Et), CH(CO,€£t), Hoo” 
CO,R 
Me Me Me 
EtO . 
oO ~ et 1°) 
‘ (X11) XIII 
pre ( ) 
CO,Et 


The addition of a second ring to the keto-ester (IX; R = Et) was best brought about 
by condensing it with methyl vinyl ketone in benzene in the presence of ‘“‘ Triton B ”’ in 
benzene-ethanol: the ester (XIV; R = Et) was then obtained in ca. 30% yield, unchanged 
keto-ester (IX; R = Et) being recovered in a fairly pure state. The ester (XIV; R = Et) 
was characterised by hydrolysis to the crystalline acid (XIV; R =H). If the addition of 
the methyl vinyl ketone occurs axially ® to the enolate anion (XV) in the conformation 


5 Warnhoff and Johnson, J. Amer. Chem. Soc., 1953, 75, 494. 
® Cf. Howe and McQuillin, J., 1958, 1194. 
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with the ethoxycarbonylmethyl group equatorial, then in the ester (XIV; R = Et) and 
the corresponding acid the side-chain will be ¢rans to the angular methyl group. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block and are corrected. 


3-Isobutoxy-2-methyleyclohex-2-enone (V1).—This enol ether, »,?° 1-5050, Amax, 2670 A (e 
18,000), was prepared in ca. 90% yield by the method of Eschenmoser, Schreiber, and Julia 4 
from 2-methylcyclohexane-1,3-dione.’ 

Preparation of Ethyl 3-Isobutoxy-2-methylcyclohex-2-enylideneacetate (VII).—Freshly activ- 
ated zinc wool (3-3 g., 1-0 atom-equiv.) and a few crystals of iodine were placed in a three-necked 
flask. Part (~10 c.c.) of a mixture of 3-isobutoxy-2-methylcyclohex-2-enone (9-1 g., 1-0 mol.), 
ethyl bromoacetate (8-4 g., 1-0 mol.), and dry benzene (40 c.c.) was run on to the zinc at 100° 
with stirring. A vigorous reaction soon started. The rest of the mixture was added dropwise 
during 45 min. by which time nearly all the zinc had dissolved. After the mixture had been 
heated and stirred for a further 2 hr. it was cooled and 10% sulphuric acid (25 c.c.) was added. 
The benzene layer was separated and worked up in the usual manner, to give a yellow liquid 
(9-07 g.). This was distilled at 0-06—0-08 mm. to give a series of fractions (6-32 g.), b. p. 93° to 
95—98°, es 1-5000 and a fraction, b. p. 98—125°, n,*° 1-5021. The fractions with 2, 1-5000 
were combined to give ethyl 3-isobutoxy-2-methylcyclohex-2-enylideneacetate (VII), max, 2650 A 
(ec 18,000) (Found: C, 71-2; H, 9-55. C,;H,,O, requires C, 71-4; H, 9-6%). In subsequent 
experiments larger quantities of 3-isobutoxy-2-methylcyclohex-2-enone were employed with- 
out appreciable change in yield. 

Ethyl 2-Methyl-3-oxocyclohex-1-enylacetate (VIII).—Ethyl 3-isobutoxy-2-methylcyclohex-2- 
enylideneacetate (7 g.) in methanol (25 c.c.) and water (5 c.c.) was treated with hydrochloric 
acid and kept at 20° for 20 min. The mixture was then poured into ether (1 1.), washed with 
1% aqueous sodium hydroxide and water, and dried (MgSO,). Distillation gave the ester (VIII) 
(4-2 g.), b. p. 78—82°/0-03 mm., ,?4 1-4899, Amax, 2425 A (€ 12,250), vmax, 1735, 1667, and 
1616 cm.7? (Found: C, 66-9; H, 8-45. (C,,H,,O, requires C, 67-3; H, 8-2%). It formed a 
2,4-dinitrophenylhydrazone, m. p. 108—110° (Found: C, 54:35; H, 5-45; N, 14-45. C,,H»N,O, 
requires C, 54:25; H, 5-35; N, 14-:9%). 

Ethyl 2-Methyl-3-oxocyclohexylacetate (IX).—The ester (VIII) (5 g.) in ethanol (100 c.c.) was 
hydrogenated over 5% palladised charcoal (500 mg.) for 45 min. After filtration, distillation 
gave the ester (IX) (4-1 g.), b. p. 722—74°/0-05 mm., 1? 1-4630, vmax, 1735 and 1718 cm.? (Found: 
C, 66-6; H, 9-05. C,,H,,O, requires C, 66-65; H, 9-15%). 

2-Methylcyclohex-2-enone (X).—This was prepared by the method of Warnhoff and Johnson.*® 
2-Methylcyclohexanone with sulphuryl chloride gave 2-chloro-2-methylcyclohexanone which 
was dehydrochlorinated directly with collidine at 160° to give 2-methylcyclohex-2-enone, b. p. 
90—91°/25 mm., 7,” 1-4851, Amax, 2340 A (e 9090). Warnhoff and Johnson give b. p. 98— 
101°/77 mm., 7,25 1-4836, Amax. 2340 A (¢ 9660). 

Diethyl 2-Methyl-3-oxocyclohexylmalonate (XI1).—Sodium ethoxide (0-5 g.) in ethanol 
(15 c.c.) was added to a mixture of diethyl malonate (16-2 g., 0-1 mole) and 2-methylcyclohex-2- 
enone (5-5 g., 0-05 mol.), and the solution was kept at 60° for 5 hr. and then at 20° for 12 hr. 
After neutralisation with acetic acid and dilution with water, the solution was extracted with 
ether to give a brown oil (no band at 1685 cm.). Distillation gave diethyl 2’-methyl-3’-oxo- 
cyclohexylmalonate as a viscous liquid (78% yield), b. p. 125—130°/0-1 mm., 7,” 1-4520, 
Vmax. (natural film) 1754 (sh), 1730, and 1715 (sh) which was characterised as its 2,4-dinitro- 
phenylhydrazone, needles (from methanol), m. p. 140—141° (Found: C; 53-1; H, 5-75; N, 12-7. 
CooHygN,O, requires C, 53-3; H, 5-8; N, 12-4%), Amax. 3600 A (e 21,650). 

Partial Hydrolysis of Diethyl 2-Methyl-3-oxocyclohexylmalonate.—The ester (14-0 g.) was 
heated under reflux with triethyl orthoformate (40 c.c.), dry ethanol (50 c.c.), and toluene-p- 
sulphonic acid (0-1 g.) for 4 hr. The pH was adjusted to 10 with sodium ethoxide, and some 
solvent was removed. At this stage the solute had no absorption at 1715 cm.7. Potassium 
hydroxide (2-90 g., 1 mol.) in aqueous ethanol was added and the solution stored at 20° for 
12 hr. Dilution with water and extraction with ether gave a neutral fraction (3-7 g., 21%) 


7 Stetter, Biintgen, and Coenen, Chem. Ber., 1955, 88, 77. 
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whose infrared spectrum was identical with that of the intermediate ketal ester. The aqueous 
layer was acidified and the oil which separated was extracted with ether—methylene chloride 
(10:1). The total acid fraction so obtained was heated at 170—180° for 10 min. and the 
product dissolved in ether. Extraction with sodium hydrogen carbonate solution yielded the 
crude acetic acid (IX; R =H) (1:50 g., 17%). Distillation gave 2-methyl-3-oxocyclohexyl- 
acetic acid (IX; R = H), b. p. 140°/0-1 mm., which crystallised. Recrystallisation from ether- 
light petroleum afforded plates, m. p. 80—81° (Found: C, 63-5; H, 8-25. C,H,,O, requires 
C, 63-5; H, 8-3%), vmax, 1705cm.1. The semicarbazone had m. p. 182—190° (decomp.) (Found: 
C, 52-8; H, 7:5; N, 18-6. C,9H,,N,O, requires C, 52-85; H, 7-5; N, 18-5%), Amex, 2290 A 
(c 14,000). 

The neutral residue (63%, 6-48 g.) left after decarboxylation, was distilled, to give the ester 
(IX; R= Et), 2,” 1-4596, whose infrared spectrum was identical with that of the material 
prepared from 2-methylcyclohexane-1,3-dione (see above). 

98-Methyl-6-0x0-A50-1-octalylacetic acid (XIV; R=H).—A mixture of “ Triton B”’ 
(5 c.c.), benzene (70 c.c.), and ethanol (75 c.c.) was distilled azeotropically until approximately 
18—20 c.c. of liquid were left. This liquid (12 c.c.) was mixed with the ester (IX; R = Et) (11-7 
g.) To this, at —20° under nitrogen, freshly distilled methyl vinyl ketone (7-2 c.c.) in benzene 
(15 c.c.) was added dropwise during 1 hr. with stirring. Care was taken that the temperature 
did not rise above —20° and that an atmosphere of nitrogen was maintained. The mixture 
was then kept at —10° for 9 hr. and at 20° for 8 hr. It was then poured into ether (2 1.), was 
washed with water, twice with 0-5n-hydrochloric acid, then with sodium hydrogen carbonate 
solution and with water, dried, and evaporated, affording a light yellow liquid (15-9 g.), Amax 
2400 A (e 3800), n,** 1-5060, which was fractionally distilled. The first three fractions (3-9 g.), 
b. p. 62—71°/0-05 mm., m,,”* 1-4700, were mainly starting material. The next three fractions 
(6 g.), b. p. 72—75°/0-05 mm., were combined and redistilled at 72—75°/0-05 mm., to give 
four fractions (a—d). Fraction (a) contained starting material. Fractions (b and c) (3-4 g.) 
had Amax, 2390 A (e 10,000). Fraction (d) (1-54 g.) had Amsx. 2390 A (e 11,600), and appeared to 
be the ester (XIV; R = Et) (Found: C, 72-15; H, 8-8. C,,;H,,O, requires C, 71-95; H, 8-85%). 

This ester (2-0 g.) was heated under reflux with potassium hydroxide (0-56 g.) in aqueous 
methanol (10 c.c.) for 1 hr. The acid fraction was chromatographed in benzene on silica gel. 
Elution with benzene—ether (1: 1) gave the acid (XIV; R = H) as prisms (from ether and from 
benzene-light petroleum), m. p. 131—133° (Found: C, 70-6; H, 8-3. C,,H,,0; requires C, 
70-25; H, 82%), Amax, 2390 and 3150 A (e 17,700 and 70), Vmax, 1705, 1657, and 1620 cm.~}, 
t 4-21 (SC{CH-) and 8-85 (singlet) a Teas (CHCl, solution). 


One of the authors (B. R. D.) thanks the University of Oxford for the award of an I.C.I. 
Fellowship. 
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822. Pectic Substances from Lucerne (Medicago sativa). Part J. 
Pectic Acid. 


By G. O. AspINALL and R. S. FANSHAWE. 


Extraction of lucerne with boiling ethanol—water (4: 1) affords a mixture 
of mono- and oligo-saccharides, including p-glucose, p-fructose, sucrose, 
and raffinose. Extraction with water, ammonium oxalate solution, and 
lime-water gives mixtures of pectic substances, including a polysaccharide 
of the pectic acid type (from ammonium oxalate extraction) which was 
isolated in a pure state. Partial hydrolysis of the pectic acid furnishes 
L-rhamnose, L-arabinose, D-galactose, D-galacturonic acid, traces of L-fucose, 
2-O-methyl-L-fucose, and 2-O-methyl-p-xylose, and a mixture of acidic 
oligosaccharides including 2-O-(p-galactopyranosyluronic acid)-L-rhamnose 
and oligomers of p-galacturonic acid. Methanolysis of methylated pectic 
acid, followed by reduction and hydrolysis, affords 2,3,5-tri- and 2,3-di-O- 
methyl-, and 2-O-methyl-L-arabinose, 2,3,4,6-tetra-, 2,3,4-tri-, and 2,3-di-O- 
methyl-, and 2- and 3-O-methyl-p-galactose, and 3,4-di-O-methyl- and 
3-O-methyl-L-rhamnose. The structural significance of these and other 
results is discussed. 

A method for the reduction of hexuronic acid derivatives with diborane 
has been studied. 


THE pectic group of polysaccharides contains three recognised structural species, pectic 
acid, galactan, and araban, examples of each species having been isolated from appropriate 
sources. Several recent investigations, however, have suggested that some pectic acids 
are not polymers of D-galacturonic acid alone and that neutral sugars, especially L-arabinose, 
p-galactose, and L-rhamnose, are components of the acidic polysaccharides.2* Analytical 
studies > have shown that the leaves and stems of lucerne (alfalfa) contain substantial 
amounts of pectic substances, and in this paper we describe an examination of some of 
the carbohydrate constituents of lucerne together with a structural study of the pectic acid. 

Oven-dried lucerne was extracted successively with boiling ethanol—-water (4:1), cold 
and hot water, hot aqueous ammonium oxalate, and hot lime-water. Extraction with 
boiling ethanol-water removed colouring matter, and a mixture of soluble sugars, which 
contained D-glucose, D-fructose, and sucrose as major constituents, together with higher 
oligosaccharides including raffinose. The cold- and hot-water extracts contained complex 
mixtures of polysaccharides in which substantial proportions of hexuronic acid residues 
were present as methyl esters. These extracts were grossly contaminated with inorganic 
material and protein, and the polysaccharides have not yet been isolated in a pure state. 
The ammonium oxalate extract was treated with calcium chloride solution, and the pre- 
cipitated calcium pectate was re-converted into ammonium pectate, which was used for 
structural studies. Extraction with saturated lime-water gave a mixture of poly- 
saccharides with arabinose as the main component sugar together with galactose, xylose, 
rhamnose, and unidentified hexuronic acid. This preparation was separated into fractions 
soluble and insoluble in boiling ethanol-water (7:3). The soluble fraction was enriched 
with respect to araban and had a more negative optical rotation ({%J,, —50°) characteristic 
of pectic arabans. The insoluble fraction contained xylose as the main component sugar 
and probably represents a small proportion of the xylan hemicellulose which may be 
extracted from the plant with aqueous sodium hydroxide.5 

Lucerne ammonium pectate had a characteristically high positive optical rotation 


Hirst and Jones, Adv. Carbohydrate Chem., 1946, 2, 235. 
Aspinall and Cafias-Rodriguez, J., 1958, 4020. 

McCready and Gee, J]. Agric. Food Chem., 1960, 8, 510. 
Neukom, Deuel, Heri, and Kundig, Helv. Chim. Acta, 1960, 48, 67. 
Hirst, Mackenzie, and Wylam, J. Sci. Food Agric., 1959, 10, 19. 
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({«J,, +203°) and a uronic anhydride content of ca. 50%. Paper chromatography showed 
that the hydrolysate contained substantial amounts of arabinose, galactose, and rhamnose, 
together with traces of fucose, xylose, 2-O-methylxylose, and 2-O-methylfucose. Several 
attempts were made to fractionate the ammonium pectate further, by precipitation as the 
calcium salt, precipitation with cetyltrimethylammonium bromide, and extractions of 
neutral polysaccharides with boiling ethanol—water (7 : 3) and with saturated lime-water, 
but in each case the regenerated polysaccharide was virtually unchanged in optical rotation 
and uronic anhydride content. Further, the polysaccharide was chromatographed on 
diethylaminoethylcellulose by the procedure of Neukom ef al.4 Elution with phosphate 
buffers at pH 6-5 removed only minor traces of polysaccharide and ca. 98% of the poly- 
saccharide was eluted in a single broad band with increasing concentrations of sodium 
hydroxide. Hydrolysis of the recovered polysaccharide showed the presence of all the 
neutral sugar components in the original ammonium pectate. When the araban-rich 
polysaccharide (from lime-water extraction) was chromatographed in a similar manner 
on diethylaminoethylcellulose most of the polysaccharide was eluted from the column 
with phosphate buffer. By this criterion, therefore, the ammonium pectate was homo- 
geneous, and the neutral sugars were present as components of either a single acidic poly- 
saccharide or a mixture of closely related acidic polysaccharides. 

Acid hydrolysis of ammonium pectate afforded neutral monosaccharides, a mixture 
of p-galacturonic acid and acidic oligosaccharides, and a degraded polysaccharide. The 
following neutral monosaccharides were characterised as crystalline sugars or as suitable 
crystalline derivatives: D-galactose, L-arabinose, L-rhamnose, L-fucose, 2-O-methyl-p- 
xylose, 2-O-methyl-L-fucose, and xylose (by paper chromatography only). The mixture 
of acidic sugars was fractionated by gradient elution from anion-exchange resin followed, 
where necessary, by partition chromatography on filter sheets. The major fractions 
contained p-galacturonic acid, its dimer and trimer, and the aldobiouronic acid, 2-O- 
(a-D-galactopyranosyluronic acid)-L-rhamnose, and minor fractions contained acidic 
oligosaccharides which were partially characterised. Further quantities of D-galacturonic 
acid, and its dimer and trimer, were formed when the pectic acid and the acid-degraded 
pectic acid were degraded with a commercial enzyme preparation. 

The structure of the aldobiouronic acid, 2-O-(«-D-galactopyranosyluronic acid)-L- 
rhamnose, was established from the following observations: (a) hydrolysis of the sugar 
gave galacturonic acid and rhamnose, and reduction of the derived methyl ester methyl 
glycosides with potassium borohydride followed by hydrolysis gave galactose and 
rhamnose; (5) the absence of a staining reaction with triphenyltetrazolium hydroxide ® 
pointed to the presence of a 2-O-substituted rhamnose residue; (c) methylation with 
methyl sulphate and sodium hydroxide furnished a methyl glycoside pentamethy] ether as a 
crystalline dihydrate, which when reduced with diborane in tetrahydrofuran’ and 
hydrolysed gave 2,3,4-tri-O-methyl-p-galactose and 3,4-di-O-methyl-L-rhamnose; (d) 
the «-configuration of the glycosidic linkage was tentatively assigned on the basis of the 
optical rotation of the acidic disaccharide. A second aldobiouronic acid was an O-(galacto- 
pyranosyluronic acid)fucose since hydrolysis gave galacturonic acid and fucose; a positive 
staining reaction with triphenyltetrazolium hydroxide showed that the linkage was other 
than 1,2. A third aldobiouronic acid was similarly shown to be an O-(galactopyranosyl- 
uronic acid)galactose. Another acidic oligosaccharide was a trisaccharide containing two 
parts of rhamnose and one of galacturonic acid. Partial acid hydrolysis gave 2-O-(galacto- 
syluronic acid)rhamnose, but no evidence was obtained concerning the mode of linkage 
of the second rhamnose residue. 

The di- and tri-galacturonic acids from acid and enzymic hydrolysis were isolated as 
calcium salts whose optical rotations ({«],, +127° and +145°) were indicative of a-glycosidic 

® Feingold, Avigad, and Hestrin, Biochem. J., 1956, 64, 351; Bailey, Barker, Bourne, Grant, and 


Stacey, J., 1958, 1895. 
7 Brown and Subba Rao, J. Amer. Chem. Soc., 1960, 82, 681. 
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linkages and were in reasonable agreement with the values quoted for the di- and tri- 
saccharides formed on enzymic breakdown of apple pectic acid.8 The digalacturonic acid 
was treated with cold benzyl alcohol and dry hydrogen chloride, the resulting benzyl ester 
benzyl glycosides were reduced with lithium aluminium hydride, and the reduction 
products were hydrogenated over palladium-charcoal, to give galactose and a galactobiose, 
the latter being chromatographically and ionophoretically indistinguishable from 4-O-a-p- 
galactopyranosyl-p-galactose. In the light of these results and of the subsequent isolation 
of 2,3-di-O-methyl-p-galactose after reduction of the acidic residues in the methylated 
polysaccharide, there is little doubt that the digalacturonic acid is 4-O-(«-p-galacto- 
pyranosyluronic acid)-D-galacturonic acid. The trigalacturonic acid was similarly 
treated with benzyl alcohol and dry hydrogen chloride but only a low yield of benzyl ester 
glycosides was obtained. Since subsequent reduction of the ester glycosides with lithium 
aluminium hydride and hydrogenation gave galactose and the same galactobiose, but no 
galactotriose, it is clear that considerable hydrolysis or alcoholysis took place in the ester 
glycoside formation. However, only one galactobiose was detected, so it is probable that 
the trigalacturonic acid contains only one type of linkage. 

Methylated methyl pectate was prepared from the ammonium pectate, and the 
methylated polysaccharide was partially depolymerised by heating it with methanolic 
hydrogen chloride; the methanolysis products were then reduced with lithium aluminium 
hydride, and the reduction products were hydrolysed. The resulting mixture of methylated 
sugars was fractionated by partition chromatography on cellulose, giving the following 
sugars which were either obtained crystalline or characterised as crystalline derivatives: 
2,3,4,6-tetra-, 2,3,4-tri-, and 2,3-di-O-methyl- and 2- and 3-O-methyl-p-galactose, 
p-galactose, 2,3,5-tri- and 2,3-di-O-methyl-L-arabinose, and 3,4-di-O-methyl- and 3-0- 
methyl-L-rhamnose. In addition, 2-O-methyl-L-arabinose was characterised by optical 
rotation and by chromatography of the sugar and of the products of demethylation and of 
periodate oxidation, and a trace of 2,3,4-tri-O-methylrhamnose was detected chromato- 
graphically. The 2,3,4-tri-O-methyl-p-galactose and 2,3-di-O-methyl-L-arabinose were 
obtained in admixture with each other and, although pure samples were obtained by 
paper-chromatographic separations from which crystalline derivatives were formed, this 
method was not sufficiently sensitive to detect the presence of other methyl ethers of 
galactose in the mixture. The derived methyl glycosides were examined by the highly 
selective gas-liquid partition-chromatographic procedure of Bishop and Cooper.® Methyl 
glycosides of 2,3,4-tri-O-methyl-pD-galactose and 2,3-di-O-methyl-L-arabinose were shown 
to be the main components, and methyl glycosides of some unidentified sugars and of 
2,4,6-tri-O-methylgalactose were present as minor components, but methyl glycosides of 
2,3,6-tri-O-methylgalactose were not detected. 

In view of the high uronic acid content of the polysaccharide it is clear that 2,3-di-O- 
methyl-p-galactose, which was the methylated sugar formed in largest amount from the 
methylated polysaccharide, has arisen, after reduction, from main chains of 1,4-linked 
a-D-galacturonic acid residues, and it is probable that the mono-O-methyl-D-galactoses 
and possibly also D-galactose have arisen from branching points in the main chains. 
2,3,4,6-Tetra-O-methyl-p-galactose, 2,3,5-tri- and 2,3-di-O-methyl- and 2-O-methy]l-L- 
arabinose, and 3,4-di-O-methyl- and 3-O-methyl-L-rhamnose are clearly derived from 
p-galactose, L-arabinose, and L-rhamnose residues originally present in the polysaccharide; 
2,3,4-tri-O-methyl-p-galactose, however, could have originated either from galactose or, 
after reduction, from galacturonic acid residues. In order to obtain further information 
on this point the methanolysis products from the methylated polysaccharide were 
separated into two fractions, soluble and insoluble respectively in chloroform-light 
petroleum. Hydrolysis of the soluble fraction gave the following sugars, which were 


8 Jones and Reid, /J., 1954, 1361. 
* Bishop and Cooper, Canad. J. Chem., 1960, 38, 388. 
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identified by paper chromatography: tetra- and 2,3,4-tri-O-methylgalactose, 2,3,5-tri- 
and 2,3-di-O-methyl- and 2-O-methyl-arabinose, and 3,4-di-O-methylrhamnose. This 
mixture was fractionated by chromatography on filter sheets, and the sub-fraction con- 
taining 2,3,4-tri-O-methylgalactose and 2,3-di-O-methylarabinose was characterised 
further by gas-liquid chromatography of the derived methyl glycosides. The insoluble 
fraction, on hydrolysis, afforded mixtures of acidic sugars (probably mainly oligo- 
saccharides); reduction of the derived methyl ester methyl glycosides with lithium 
aluminium hydride followed by hydrolysis gave 2,3-di-O-methylgalactose and small 
amounts of 3,4-di-O-methylrhamnose and 2,3,4-tri-O-methylgalactose; it follows, there- 
fore, that some at least of the 2,3,4-tri-O-methyl-p-galactose isolated from the methylated 
polysaccharide arose from 1,6-linked D-galactose residues, although some could also have 
been formed from D-galacturonic acid end groups. 

The structural significance of these results may be assessed by considering the various 
acidic and neutral sugar components. The main chain of the polysaccharide is clearly 
composed of 1,4-linked «-p-galacturonic acid residues (I), and, although due allowance 
must be made for a small degree of incomplete methylation of the polysaccharide or for 
demethylation during hydrolysis, some of these residues probably provide branching 
points in the structure. The isolation as a partial hydrolysis product of the aldobiouronic 
acid, 2-O-(«-D-galactopyranosyluronic acid)-L-rhamnose, and of a trisaccharide containing 
galacturonic acid and rhamnose residues, provides clear evidence that L-rhamnose residues 
are components of this pectic acid, and the methylation results suggest that some rhamnose 
residues may act as branching points (II). It is possible that L-rhamnose residues may be 
interposed between blocks of 1,4-linked «-p-galacturonic acid residues as in the plant gums 
of the Khaya genus. The methyl ethers of L-arabinose, isolated from the methylated 
polysaccharide, show that some L-arabinofuranose end-groups are present in the poly- 
saccharide, but they do not define the ring size of the non-terminal residues. If all the 
L-arabinose residues are indeed present in the furanose form it is noteworthy that the 
modes of linkage of this sugar are the same (III—V) as those in the arabans from pectic 
materials.' On the present evidence the exact location of the arabinose residues cannot 
be stated, but the apparent homogeneity of the pectic acid indicates that arabinose is an 
integral sugar component. The relatively high proportion of the D-galactose residues in 


—4 D-GalpA |—4 p-GalpA I—4 D-GalpA I— (1) 
2(or 3) 
| 
—-4 p-GalpA |—2 L-Rhap |— (II), —5 L-Araf |— (IID, 
(4 3 


| | 

—5 L-Araf |— (IV), L-Araf |— (V), D-Galp |— (VI), 
(—4) D-GalpA |—é D-Galp |— (VII) 

(D-GalpA = D-galacturonic acid, L-Rhap = L-rhamnopyranose, 


L-Araf = L-arabinofuranose, D-Galp = D-galactopyranose.) 


the polysaccharide which are present as end groups (VI) shows that these are probably 
linked in some way to the framework of p-galacturonic acid residues. The isolation of an 
O-(galactosyluronic acid)galactose as a partial hydrolysis product indicates that non- 
terminal galactose residues, presumably involved in 1,6-linkages (e.g., in VII), are also 
components of an acidic polysaccharide. Since no 2,3,6-tri-O-methyl-D-galactose was 
formed on hydrolysis of the methylated polysaccharide it follows that 1,4-linked galactose 
residues of the type found in the pectic galactan from Lupinus albus seeds ! were absent. 
Derivatives of the minor components of the original polysaccharide, namely L-fucose and 


10 Hirst and Jones, J., 1947, 1225. 
11 Aspinall, Hirst, and Matheson, /., 1956, 989; Aspinall, Johnston, and Stephen, /J., 1960, 4918. 
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p-xylose, could not be detected in the methylated polysaccharide, and it is possible that 
these sugars were components of a contaminating polysaccharide present in small amount. 
Although further criteria of the homogeneity of the main polysaccharide are required, 
these results confirm the view that pectic acids are a complex group of acidic poly- 
saccharides which may contain substantial proportions of neutral sugar components. 
New methods of structural investigation need to be developed before their detailed 
structures can be elucidated. 

In the course of this investigation the use of diborane for the reduction of carboxyl 
groups in hexuronic acid derivatives was explored. Methylated hexuronic acids and 
aldobiouronic acids are smoothly reduced by this reagent in tetrahydrofuran or 1,2-di- 
methoxyethane; we used the procedure of H. C. Brown and his collaborators.” Similarly 
the carboxyl groups in a methylated acidic xylan !* were completely reduced with diborane. 
Difficulties arose when acetylated gum ghatti was treated with diborane in tetrahydro- 
furan, because the polysaccharide soon became insoluble, but some reduction was achieved. 
While this work was in progress Smith and Stephen } reported the results of a similar 
study and it is clear from their results that a high proportion of hexuronic acid residues 
in acetylated polysaccharides may be reduced with diborane to the corresponding hexose 
residues. This approach will be of great value in converting acidic polysaccharides into 
the more readily hydrolysable neutral polysaccharides. 


EXPERIMENTAL 


Unless otherwise stated, paper chromatography was cairied out on Whatman Nos. 1, 3MM, 
and 31 papers with the following solvent systems (v/v): (A) butan-l-ol-ethanol—water (4:1: 5, 
upper layer): (B) ethyl acetate—pyridine-water (10:4:3); (C) ethyl acetate—acetic acid- 
formic acid—water (18:3:1:4); (D) benzene-ethanol-water (169:47:15, upper layer); 
(E) ethyl acetate—acetic acid—-water (10:5:6); (F) butan-2-one-acetic acid—water (9:1: 1, 
saturated with boric acid). Rg Values of methylated sugars refer to rates of movement relative 
to 2,3,4,6-tetra~-O-methylglucose in solvent A, and Rg, 4 values to rates of movement of acidic 
sugars relative to galacturonic acid in solvent C. Demethylations of methylated sugars were 
performed by the method of Hough, Jones, and Wadman.'* Paper ionophoresis was in borate 
buffer at pH 10. Unless otherwise stated, optical rotations were observed for water solutions 
at ca. 18°. 

Extractions of Lucerne.—(a) Boiling ethanol—water (4:1). Oven-dried lucerne (leaves and 
stem; 2 kg.) was extracted exhaustively with boiling ethanol—-water (4:1). The extract was 
concentrated to remove ethanol, water-insoluble material was removed by filtration, the 
aqueous solution was clarified by the addition of equimolecular amounts of cadmium sulphate 
and barium hydroxide solutions, the precipitate was filtered off, and the filtrate was concen- 
trated to a syrup (ca. 100 g.) containing fructose, glucose, and sucrose, together with smaller 
amounts of raffinose and higher oligosaccharides. Portions of the syrup were fractionated 
by elution from charcoal—Celite with water containing 2-5% and 8% of ethanol, followed by 
partition chromatography on cellulose with butan-l-ol, half saturated with water, and ethyl 
acetate—butan-l-ol—pyridine-water (5:5:4:3) as eluants, and the following sugars were 
identified: D-fructose (1,2:4,5-di-O-isopropylidene-p-fructose, m. p. and mixed m. p. 119°), 
D-glucose (2,4-dinitrophenylhydrazone, m. p. and mixed m. p. 120—122°), sucrose (octa-acetate, 
m. p. and mixed m. p. 70—72°), and raffinose (hendeca-acetate, m. p. and mixed m. p. 98°). 

(b) Cold water. Ethanol-extracted lucerne was stirred with cold water for 24 hr., the 
residue was filtered off and washed, the filtrate and washings were concentrated, and the crude 
polysaccharide (ca. 80 g.) was precipitated by the addition of an equal volume of ethanol, 
redissolved in water, and freeze-dried {Found: [a], +70°; uronic anhydride (carbazole 
method #5), 11-2; N, 1:3; ash, 25%}. Hydrolysis of the polysaccharides gave galactose, 
arabinose, xylose, rhamnose, and acidic oligosaccharides. 


12 Aspinall and Carter, /., 1956, 3744. 
13 Smith and Stephen, Tetrahedron Letters, 1960, No. 7, 17. 
14 Hough, Jones, and Wadman, /., 1950, 1702. 

5 McComb and McCready, Analyt. Chem., 1952, 24, 1630. 
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(c) Hot water. Cold-water extracted lucerne was stirred with water at 90° for two periods 
of 3 hr., the extract was concentrated, and the crude polysaccharide (ca. 40 g.) was precipitated 
by the addition of an equal volume of ethanol, redissolved in water, and freeze-dried {Found: 
[a], +38°; uronic anhydride (carbazole method), 22-3; OMe, 1:15; N, 1:8; ash, 4%}. 
Hydrolysis of the polysaccharide gave galactose, arabinose, xylose, glucose, rhamnose, and 
acidic oligosaccharides. 

(d) Ammonium oxalate solution. WHot-water extracted lucerne was extracted twice with 
0-5% ammonium oxalate solution at 80—90° for 3 hr. 10% Calcium chloride solution was 
added to the filtered extract until precipitation of calcium pectate was complete. Calcium 
pectate was heated in 0-3% ammonium oxalate solution for 0-5 hr. at 90°, calcium oxalate was 
removed at the centrifuge, and ammonium pectate was precipitated by the addition of acetone, 
reprecipitated from aqueous solution, dispersed in water and freeze-dried. The ammonium 
pectate, which was used in subsequent experiments had [a], +203° + 5° (c 0-4) [Found: 
uronic anhydride (by decarboxylation '*) 50; N, 0-16; ash, 2-8%], and hydrolysis gave 
galactose, arabinose, rhamnose, small amounts of xylose, fucose, 2-O-methylxylose, and 2-0O- 
methylfucose, and acidic oligosaccharides. 

(e) Lime-watey. Ammonium oxalate-extracted lucerne was stirred with saturated lime- 
water at 90° for 2 hr. The filtered extract was deionised by passage through columns of 
Amberlite resins IR-120(H) and IR-4B(OH), concentrated, and poured into ethanol (8 vol.). The 
precipitated polysaccharide was dissolved in water and freeze-dried; it had [a], —23° (c 1-0) 
[Found: uronic anhydride (carbazole method »), 8-8; N, 3-7; ash, 5%], and chromatography 
of the hydrolysate showed arabinose, galactose, xylose, and rhamnose. Extraction of the 
polysaccharide (4 g.) with boiling ethanol—-water (7:3) gave fractions (a) soluble and (bd) 
insoluble. Fraction (a) had [aly —50° (Found: uronic anhydride, 4-7; N, 5-9; ash, 3%), 
and chromatography of the hydrolysate showed arabinose > galactose > xylose and rhamnose. 
Fraction (b) had [a], +9° (Found: uronic anhydride, 15-9; N, 2-7; ash, 5%), and chromato- 
graphy of the hydrolysate showed xylose > galactose > arabinose and rhamnose. 

Attempted Fractionations of Ammonium Pectate——(1) Ammonium pectate was precipitated 
as calcium pectate as described previously, and the regenerated ammonium pectate had [a], 
+ 208° + 5° (c 1-2) [Found: uronic anhydride (by decarboxylation), 51%], and chromatography 
of the hydrolysate showed the same component sugars. 

(2) Equal volumes of aqueous solutions of ammonium pectate (2%) and ‘“ Cetavlon ”’ 
(cetyltrimethylammonium bromide) (7%) were mixed, the precipitated complex was removed 
at the centrifuge and washed free from adhering ‘‘ Cetavlon,’’ and the polysaccharide was 
regenerated by decomposing the complex with 5n-acetic acid and precipitation with ethanol. 
The polysaccharide was dissolved in water, the solution was deionised with Amberlite resins 
IR-120(H) and IR-4B(OH), and the polysaccharide was isolated by freeze-drying. It had 
[a], +204° + 5° (c 0-9) [Found: uronic anhydride (by decarboxylation), 48%], and chromato- 
graphy of the hydrolysate showed the same component sugars. 

(3) Ammonium pectate was extracted with boiling ethanol—water (7:3) for 4 days. The 
extract contained 0-5% by weight of the original polysaccharide and chromatography of the 
hydrolysate showed galactose, arabinose, and rhamnose. 

(4) Ammonium pectate was treated with saturated lime-water at 90° for l hr. The soluble 
product, isolated after removal of calcium ions with Amberlite resin IR-120(H) and freeze- 
drying, amounted to less than 1% by weight of the original polysaccharide and gave arabinose, 
galactose, and rhamnose on hydrolysis. The precipitated calcium pectate was reconverted 
into ammonium pectate which had [a], +206° + 5° (c 1-0) (Found: uronic anhydride by 
decarboxylation, 51%), and gave the same sugars on hydrolysis. 

Fractionation of Polysaccharides on Diethylaminoethylcellulose.—Polysaccharides (ca. 0-3— 
0-6 g.) were dissolved in 0-005m-sodium dihydrogen phosphate buffer (pH 6; 50 ml.) and poured 
on a column of diethylaminoethylcellulose (phosphate form) (30 x 3 cm.) as described by 
Neukom e¢al.4 The column was eluted with 0-025m- (500 ml.), 0-05m- (500 ml.), 0-1m- (500 ml.), 
and 0-25m-sodium dihydrogen phosphate (pH 6) (500 ml.), and a gradient of sodium hydroxide 
(0-01—0-5m; 2 .1.). Fractions (ca. 20 ml.) were collected and analysed for sugars by the 
anthrone method !? and for uronic anhydride by the carbazole method. Pectic acid (ca. 98%) 


6 Anderson, Talania, 1959, 2, 73. 
17 Bailey, Biochem. J., 1958, 68, 669. 
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was eluted in a single broad band with aqueous sodium hydroxide, and only traces of poly- 
saccharide were detected on elution with phosphate buffer. Hydrolysis of the recovered pectic 
acid gave the same component sugars. The araban-rich polysaccharide (fraction from lime- 
water extraction) was mainly eluted in a number of bands with phosphate buffer and only a 
small proportion (ca. 5%) was eluted later with sodium hydroxide. 

Acid Hydrolysis of Pectic Acid.—(1) Ammonium pectate (6 g.) was hydrolysed with n- 
sulphuric acid (250 ml.) on the boiling-water bath for 4 hr. The solution was neutralised with 
barium carbonate, filtered, deionised with Amberlite resin IR-120(H), and concentrated to a 
mixture of sugars which was separated on cellulose (60 x 3 cm.) with butan-l-ol, saturated 
with water, as eluant, which gave five fractions containing neutral monosaccharides. Fraction 
1 (12 mg.) contained rhamnose, 2-O-methylxylose, and 2-O-methylfucose. Fraction 2 (35 mg.) 
had [a], +8° (c 1-6) and recrystallised from acetone to give L-rhamnose monohydrate, m. p. 
and mixed m. p. 95—98°. Fraction 3 (56 mg.) had [aj,, +82° (c 0-6) and chromatography 
showed arabinose as the main component, xylose, and a trace of fucose. Fraction 4 (66 mg.) 
had [a], +103° (c 2-1) and was characterised as L-arabinose by formation of the toluene-p- 
sulphonylhydrazone, m. p. and mixed m. p. 155—156°. Fraction 5 (62 mg.) had [a], +80° 
(c 1-8); it was chromatographically indistinguishable from pD-galactose and on oxidation with 
nitric acid it afforded mucic acid, m. p. and mixed m. p. 220°. 

(2) Ammonium pectate (20 g.) was hydrolysed with N-sulphuric acid (500 ml.) on the 
boiling-water bath for 3-5 hr. Degraded pectic acid (7-5 g.) was precipitated by the addition 
of acetone (1 vol.) to the cooled solution, removed at the centrifuge, washed with acetone—water 
(1:1), dissolved in water, and freeze-dried. The supernatant solution and washings were 
concentrated to remove acetone, neutralised with barium carbonate, filtered, and treated with 
Amberlite resin IR-120(H) to remove barium ions. The solution, which contained acidic and 
neutral sugars, was poured on a column of Amberlite resin CG-45 (formate form). Neutral 
sugars were eluted with water, and acidic sugars were eluted with a gradient of formic acid 
(0-0—2n) to give fractions A—F. 

The neutral sugar solution was concentrated and poured on a column (30 x 3 cm.) of 
charcoal—Celite (1:1). Elution with water gave a mixture of arabinose, galactose, rhamnose, 
xylose, and fucose, which was not examined further. Elution with water containing 7% of 
butan-2-one gave a mixture of fucose, rhamnose, 2-O-methylxylose, and 2-O-methylfucose. 
This mixture was fractionated on filter sheets with solvent A, to give pure samples of those 
sugars which had not been previously characterised. 1L-Fucose (30 mg.) was characterised as 
the toluene-p-sulphonylhydrazone, m. p. and mixed m. p. 169—170°, [a], —14°—» —8°. 
2-O-Methyl-p-xylose (35 mg.), [a], + 33° (c 0-6), after recrystallisation from ethanol was identified 
by m. p. and mixed m. p. 133—135°, and by X-ray powder photograph. 2-O-Methyl-1-fucose 
(10 mg.), [@],, —80° (c 0-5) after recrystallisation from water, was identified by m. p. 148—151° 
and mixed m. p. 148—149°, and by an X-ray powder photograph. 

Examination of Acidic Sugars.—Fraction A. This (0-75 g.) contained four components, 
Rea a 0-80, 0-47, 0-17, and 0-10, which were separated on Whatman No. 31 extra-thick paper 
with solvent C. 

Fraction A (i) (0-41 g.), Raga a4 0°80, had [a], +84° (c 0-41) and gave on hydrolysis galact- 
uronic acid and rhamnose. Reduction of the methyl ester methyl glycosides with potassium 
borohydride followed by hydrolysis gave galactose and rhamnose. The sugar gave no stain 
with triphenyltetrazolium hydroxide. Methyl sulphate (30 ml.) and 30% aqueous sodium 
hydroxide (60 ml.) were added dropwise during 2 hr. to the sugar (0-35 g.) in water (20 ml.). 
Two further additions of reagents were made and the solution was heated on the boiling-water 
bath for 20 min., cooled, and acidified with sulphuric acid. Extraction of the aqueous solution 
with chloroform (5 x 100 ml.) furnished a syrup (0-12 g.) which crystallised from light 
petroleum (b. p. 100—120°) to give methyl 2-O-(2,3,4-tri-O-methyl-p-galactopyranosyluronic 
acid)-3,4-di-O-methyl-L-rhamnopyranoside dihydrate, m. p. 67—68°, [a), +91° (c 1-1 in CHCI,) 
(Found: C, 47-6; H, 7-6; OMe, 40-1. C,,H;,0,,,2H,O requires C, 47-0; H, 7-8; OMe, 40-4%). 
The methylated acid (70 mg.) was reduced with diborane in tetrahydrofuran (see below for 
details), the reduction product was hydrolysed with n-sulphuric acid on the boiling-water bath 
for 4 hr., and the hydrolysate was neutralised with barium carbonate and concentrated to a 
syrup. The syrup was separated on filter sheets with solvent A, to yield (a) 2,3,4-tri-O-methy]l- 
p-galactose (31 mg.), Rg 0-68, [a], +114° (c 1-0), which was characterised as the aniline 
derivative, m. p. and mixed m. p. 163—164°, and (b) 3,4-di-O-methyl-L-rhamnose (29 mg.), Rg 
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0-85, [a], +18° (c 0-3), which when recrystallised from light petroleum (b. p. 40—60°)-ether 
had m. p. and mixed m. p. 95—96°. 

Fraction A (ii) (40 mg.), Raa a 0-47, had [a], —25° (c 0-43) and gave on hydrolysis galact- 
uronic acid and fucose. Reduction of the methyl ester methyl glycosides with potassium 
borohydride followed by hydrolysis gave galactose and fucose. The sugar gave an intense 
stain with triphenyltetrazolium hydroxide. 

Fraction A (iii) (20 mg.), Rga 4 0-17, had [a], —8° (c 0-62) and gave on hydrolysis galact- 
uronic acid and galactose. 

Fraction A (iv) (70 mg.), Raa 4 0-10, had [a], +82° (c 0-68). Total hydrolysis of the sugar 
gave galacturonic acid and rhamnose, and on partial hydrolysis 2-O-(galactosyluronic acid)- 
rhamnose was detected. Reduction of the sugar acid with potassium borohydride followed 
by hydrolysis gave galacturonic acid, rhamnose, and rhamnitol. The apparent equivalent 
weight (592) from hypoiodite oxidation 18 did not differentiate between a trisaccharide (equiv. 
wt., 486) and a tetrasaccharide (equiv. wt., 632), but the former is more probable in view of 
the low consumption of hypoiodite by rhamnose derivatives.4® Under the same conditions 
the consumption of hypoiodite by L-rhamnose monohydrate was 83%. 

Fraction B (0-32 g.). This contained galacturonic acid and the oligosaccharide, Rg, 4 0-10, 
of fraction A(iv) and was not examined further. 

Fraction C (0-50 g.), [a], +58° (c 0-79). This contained p-galacturonic acid which was 
characterised as the 2,5-dichlorophenylhydrazone, m. p. and mixed m. p. 180—182°. 

Fraction D (0-22 g.)._ This contained galacturonic acid and a trace of an unidentified sugar, 
Raa a 0-56, and was not examined further. 

Fraction E (0-50 g.), Raga a 0°20 and 0-50 in solvents C and E. This gave a calcium salt 
which had [a], +114° (¢ 1-1 in N-HCl) (Jones and Reid § cite [a], +119° for calcium digalact- 
uronate). Thesugar (300 mg.) was shaken with benzyl alcohol (30 ml.) saturated with hydrogen 
chloride, at room temperature for 24 hr., ether (35 ml.) was added to the solution, the syrup 
which separated was dissolved in tetrahydrofuran (20 ml.), and lithium aluminium hydride 
(0-3 g.) was added. The solution was refluxed for 2 hr., water was added to the cooled solution 
to destroy the excess of hydride, and the solution was filtered and taken to dryness. The 
residue was extracted with boiling acetone, and the extract was concentrated to a syrup, which 
was dissolved in ethanol—water (1:4; 20 ml.) and shaken with hydrogen over 10% palladium-— 
charcoal (0-1 g.) at atmospheric pressure. After 24 hr. the solution was filtered and concen- 
trated to a syrup containing approximately equal amounts of galactose and a galactobiose, 
Regatactose 9°57 and 0-29 in solvents B and C, Mg 0-38, which was chromatographically and 
ionophoretically indistinguishable from 4-O-«-p-galactopyranosyl-pD-galactose. 

Fraction F (0-38 g.), Rga a 0-05 and 0-25 in solvents C and E. This gave a calcium salt 
which had [a],, +145° (c 0-36 in N-HCl) [Jones and Reid § cite [a],, + 154° for calcium trigalact- 
uronate]. When the sugar was treated with benzyl alcohol containing hydrogen chloride only 
a small proportion dissolved and subsequent reduction with lithium aluminium hydride followed 
by hydrogenolysis gave only galactose and the same galactobiose. 

Enzymic Degradation of Acid-degraded Pectic Acid.—Treatment of acid-degraded pectic acid in 
aqueous solution (pH 4) at 20° with “‘ Hemicellulase ’’ (L. Light and Co. Ltd.) for 8 hr. resulted in 
the liberation of galacturonic acid, and its dimer and trimer, but no neutral sugars were detected. 

Enzymic Degradation of Pectic Acid.—Ammonium pectate (15 g.) in water (2 1.) was passed 
through columns of Amberlite resins IR-120(H) and IR-45(OH). ‘“‘ Pectinase’”’ (L. Light 
and Co. Ltd.) (2 g.) was added to the resulting solution (pH 4) which was kept at 20° for 4 hr. 
Acetone (1 vol.) was added to the solution, and insoluble material was removed by centrifugation 
and washed with acetone—water (1:1). Hydrolysis of the precipitate gave galactose, arabinose, 
rhamnose, xylose, fucose, 2-O-methyixylose, 2-O-methylfucose, 2-O-(galactosyluronic acid)- 
rhamnose, and an unidentified sugar, Rgatactose 1-2 in solvent C. The acetone—water solution 
and washings were concentrated to a syrup (9 g.) which contained neutral monosaccharides 
and galacturonic acid and its dimer and trimer. The syrup (7 g.) in water (200 ml.) was 
neutralised with calcium carbonate, then filtered, and ethanol (1-5 vol.) was added. The 
precipitate was isolated by centrifugation, reprecipitated three times from ethanol—water 
(1-5: 1) dissolved in water, treated with Amberlite resin IR-120(H) to remove calcium ions, 
and concentrated to a syrup (H) (2-59 g.). The combined ethanol—water solutions were taken 
to dryness and the residue was extracted with boiling methanol for 0-5 hr., giving a syrup 

18 Hirst, Hough, and Jones, /J., 1949, 928. 
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(1-23 g.) which contained rhamnose, arabinose, galactose, and galacturonic acid. The methanol- 
insoluble residue was dissolved in water, and the solution was treated with Amberlite resin 
to remove calcium ions, and concentrated to a syrup G (3-15 g.). 

Chromatography of syrup G showed galacturonic acid with small amounts of arabinose, 
galactose, and digalacturonic acid. The syrup (3-1 g.) was adsorbed on Amberlite resin CG-45 
(formate form), which was eluted with water (4 1.) to remove neutral sugars, and with 0-2m- 
formic acid (4 1.) to give p-galacturonic acid (2-7 g.), m. p. 160—161° (from 95% ethanol), {a],, 
-+-62° (equil.) (c 1-2), which was characterised as the 2,5-dichlorophenylhydrazone, m. p. and 
mixed m. p. 180—181°. Chromatography of syrup H showed galacturonic acid (0-84 g.) and 
its dimer (0-39 g.) and trimer which were fractionated on Whatman No. 17 paper with solvent E. 
The digalacturonic acid gave a calcium salt, [a@],, +127° (c 0-56 in N-HCl), and reduction of the 
benzyl ester benzyl glycosides with lithium aluminium hydride followed by hydrogenolysis as 
described previously gave galactose and a galactobiose, which was chromatographically and 
ionophoretically indistinguishable from 4-O-«-p-galactopyranosyl-p-galactose. 

Methylation of Ammonium Pectate—Ammonium pectate (10 g.) was methylated with methyl 
sulphate and sodium hydroxide, and the product was isolated as methylated sodium pectate 
(OMe, 21%). The sodium salt in water was passed through Amberlite resin IR-120(H), and 
the resulting acid was converted into silver salt by treatment with silver oxide. The dried 
silver salt (7 g.) was refluxed with methyl iodide (100 ml.) for 2 hr., and silver oxide (8 g.) was 
added during a further 4 hr. The product was methylated three times with methyl iodide and 
silver oxide, giving methylated methyl pectate (3-6 g.), [a], +133° (c 0-85 in CHCI,) (Found: 
OMe, 39%, not raised on further methylation). 

Methanolysis of Methylated Methyl Pectate: Reduction, Hydrolysis, and Separation of 
Methylated Sugars.—Methylated methyl pectate (3-5 g.) was heated in a sealed tube with 
methanolic 4% hydrogen chloride (100 ml.) at 100° for 5 hr. After neutralisation with silver 
carbonate and removal of solvent, the resulting syrup was dissolved in tetrahydrofuran (100 ml.), 
and lithium aluminium hydride (2 g.) in tetrahydrofuran (50 ml.) was added dropwise during 
1 hr. to the boiling solution. The mixture was refluxed for 1 hr., and excess of hydride was 
destroyed by addition of water to the cooled mixture. Insoluble material was removed by 
centrifugation and extracted with ethanol and acetone. The combined supernatant liquid 
and extracts were concentrated, deionised with Amberlite resins IR-120(H) and IR-4B(OH), 
and concentrated to a syrup which was hydrolysed with n-hydrochloric acid (100 ml.) for 5 hr. 
on the boiling-water bath to a syrupy mixture of sugars (3-0 g.). 

The mixture of sugars was fractionated on cellulose (70 x 3-5 cm.), (i) light petroleum (b. p. 
100—120°)—butan-1-ol (7 : 3, later 1: 1), saturated with water, and (ii) butan-1l-ol, half saturated 
with water, being used as eluants to give twelve fractions. 

Fraction 1. ' The syrup (6 mg.) was chromatographically indistinguishable from 2,3,4-tri-O- 
methyl-L-rhamnose, J%g 1-02. . 

Fraction 2. Chromatography of the syrup (190 mg.) showed 2,3,5-tri-O-methylarabinose, 
2,3,4,6-tetra-O-methylgalactose, 3,4-di-O-methylrhamnose, and a sugar which gave 2,3-di-O- 
methylgalactose on further hydrolysis. The syrup was rehydrolysed with n-hydrochloric 
acid for 4 hr. on the boiling-water bath, and fractionation of the hydrolysate on cellulose 
(50 x 1-6 cm.) with light petroleum (b. p. 100—120°)—butan-1-ol (9: 1), saturated with water, 
as eluant gave fractions 2a—2d. Fraction 2a (61 mg.), Rg 0-96, [a], —40° (c 1-7), was character- 
ised as 2,3,5-tri-O-methyl-L-arabinose by conversion into 2,3,5-tri-O-methyl-L-arabonamide, 
m. p. and mixed m. p. 130—132°. Fraction 2b (42 mg.), Rg 0-91, [aj], +108° (c 0-82), was 
characterised as 2,3,4,6-tetra-O-methyl-p-galactose by conversion into the aniline derivative, 
m. p. and mixed m. p. 177—179°. Fraction 2c (35 mg.), Rq 0-89, [a], +19° (c 1-6), was 
characterised as 3,4-di-O-methyl-L-rhamnose by conversion into 3,4-di-O-methyl-L-rhamnono- 
lactone, m. p. 76—77°. Fraction 2d (40 mg.), [a], +79° (¢ 1-1), was chromatographically 
indistinguishable from 2,3-di-O-methyl-p-galactose. 

Fraction 3. The syrup (170 mg.) contained some products of incomplete hydrolysis and, 
after rehydrolysis with N-hydrochloric acid for 4 hr. on the boiling-water bath and fractionation 
on cellulose (as above) gave the following fractions, all containing sugars which were fully 
characterised elsewhere: fraction 3a (16 mg.), [a], +17° (c 0-9), Rg 0-89 (3,4-di-O-methyl- 
rhamnose); fraction 3b (86 mg.), Rg 0-71 and 0-68 (2,3,4-tri-O-methylgalactose and 2,3-di-O- 
methylarabinose in approximately equal amounts); fraction 3c (45 mg.), Rg 0-50, 0-33, and 
0-30 (2,3-di-O-methyl-, 2- and 3-O-methylgalactose in the approximate ratio of 3:1: 1). 
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Fraction 4. Chromatography of the syrup (264 mg.) showed 2,3,4-tri-O-methylgalactose 
(Rg 0-71), 2,3-di-O-methylarabinose (Rg 0-68), and a mixture of sugars (Rg 0-61—0-63). 
Demethylation with boron trichloride gave galactose, arabinose, and rhamnose. Partial 
separation of the syrup on filter sheets with solvent B gave fractions 4a (170 mg.) and 4b (62 mg.). 
Fraction 4a stillcontained a mixture of two sugars in approximately equal amount, and, although 
incomplete separation was achieved by chromatography on filter sheets with solvent A, pure 
samples of both sugars were isolated. 2,3,4-Tri-O-methyl-p-galactose, Rg 0-71, [a], +110° 
(c 0-2), was characterised as the aniline derivative, m. p. and mixed m. p. 162—163°, and 2,3-di- 
O-methyl-L-arabinose, Rg 0-68, [a], +95° (c 0-4), by conversion into 2,3-di-O-methyl L-arabon- 
amide, m. p. and mixed m. p. 155—156°. The presence of 2,3,4-tri-O-methylgalactose and 
2,3-di-O-methylarabinose as major components of fraction 4a together with a number of minor 
components, including 2,4,6-tri-O-methylgalactose but not including 2,3,6-tri-O-methylgalactose, 
was shown by gas-liquid partition chromatography.® Fraction 4b contained four components, 
Rg 0-14, 0-11, 0-09, and 0-05 in solvent D. The main component, Rg 0-60 and 0-05 in solvents 
C and D, [aJ,, +33° (c 0-27), was isolated after separation on filter sheets in solvent D; chromato- 
graphy of the sugar and of its periodate oxidation products !* indicated the presence of 3-O- 
methylrhamnose. 

Fraction 5. The syrup (60 mg.), [a], +62° (c 1-96), contained 2,3-di-O-methylarabinose 
(Rg 0-68), 3-O-methylrhamnose (Rg 0-60), and 2,3-di-O-methylgalactose (Rg 0-50). 

Fraction 6. Chromatography of the syrup (300 mg.) showed 3-O-methylrhamnose and 
2,3-di-O-methylgalactose in the approximate ratio of 1:5, and the sugars were separated on 
filter sheets with solvent A. Fraction 6a, [a], +78° (c 0-68), was chromatographically pure 
2,3-di-O-methyl-p-galactose. Fraction 6b, [a], +35° (c 0-21), crystallised and had m. p. and 
mixed m. p. (with 3-O-methyl-t-rhamnose) 111—114°. 

Fraction 7. Chromatography of the syrup (598 mg.), [a], +81° (c 2-1), showed 2,3-di-O- 
methylgalactose (Rg 0-50) with a small amount of an O-methylarabinose (R 0-45). The main 
component was characterised by conversion into 2,3-di-O-methyl-N-phenyl-p-galactosylamine, 
identified by m. p. 139—140° and X-ray powder photograph. The syrup (400 mg.) was 
separated on charcoal—Celite by gradient elution with water containing 0-0—2-0% of butan-2- 
one to give chromatographically pure fractions 7a (40 mg.) and 7a (310 mg.). Fractions 7a, 
Rg 0-45, [a], +98° (c 0-5), was not stained by triphenyltetrazolium hydroxide. Oxidation with 
periodate gave 0-79 mol. of formaldehyde.2®  Demethylation gave arabinose. Chromatography 
of the periodate oxidation products !® showed methoxymalondialdehyde (from 2-O-methylaldose). 

Fraction 8. Chromatography of the syrup (146 mg.) showed 2,3-di-O-methylgalactose 
(Rq 0-50), 2-O-methylarabinose (Rg 0-45), and rhamnose (Rg 0-41). 

Fraction 9. The sugar (103 mg.), Rg 0-33, crystallised from ethanol and had m. p. and 
mixed m. p. (with 2-O-methyl-p-galactose) 148°, and [a], +54° —» + 82° (equil.) (c 1-74). 

Fraction 10. The syrup (52 mg.) was separated on filter sheets with solvent F into fractions 
10a (25 mg.) and 10b (15 mg.). Fraction 10a, recrystallised from ethanol, had m. p. and mixed 
m. p. (with 2-O-methyl-p-galactose) 148°. Fraction 10b, Rg 0-30, [a], + 100° (c 0-11), crystallised 
when seeded with 3-O-methyl-p-galactose and had m. p. and mixed m. p. 145—147°. 
Chromatography of the periodate oxidation products 1® gave a mono-O-methylpentose (Rg 0-40). 

Fraction 11. Chromatography of the syrup (50 mg.) in solvents A and C showed 3-O-methy]l- 
galactose and arabinose in approximately equal amounts. 

Fraction 12. This was chromatographically pure galactose (180 mg.) and gave mucic acid, 
m. p. and mixed m. p. 215°, on oxidation with nitric acid. 

Methanolysis of Methylated Methyl Pectate—Methylated methyl pectate (130 mg.) was 
heated in a sealed tube with methanolic 4% hydrogen chloride at 100° for 9 hr., and the resulting 
solution was neutralised with silver carbonate, filtered, and concentrated to a syrup. The 
syrup was extracted with chloroform, the extract was diluted with light petroleum (b. p. 

100—120°) (6 vol.), the precipitate was separated at the centrifuge (30 mg.), and the supernatant 
liquid was concentrated to a syrup S (67 mg.). The syrup S was hydrolysed with n-sulphuric 
acid on the boiling-water bath for 2 hr.; chromatography of the hydrolysate in solvents A and D 
showed 2,3,5-tri- and 2,3-di-O-methyl- and 2-O-methylarabinose, 2,3,4,6-tetra- and 2,3,4-tri-O- 
methylgalactose, and 3,4-di-O-methylrhamnose. A fraction containing 2,3,4-tri-O-methy]l- 
galactose and 2,3-di-O-methylarabinose was separated chromatographically by using solvent 


19 Lemieux and Bauer, Canad. ]. Chem., 1953, 31, 814. 
20 Hough, Woods, and Perry, Chem. and Ind., 1957, 1100. 
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A, and the presence of these two sugars was confirmed by vapour-phase chromatography of the 
derived methyl glycosides. The precipitate (insoluble in chloroform-light petroleum) and the 
chloroform-insoluble methanolysis product (38 mg.) were each hydrolysed with n-sulphuric 
acid on the boiling-water bath for 4 hr., and chromatography of both hydrolysates showed 
material with Ry 0-55 and 0-06—0-30 in solvent C, both components being immobile in solvent 
A, and therefore contained no neutral sugars. The combined hydrolysates were separated on 
filter sheets by using solvent C to give fractions a and b. Fraction a, Ry 0-55 in solvent C, was 
heated with methanolic 4% hydrogen chloride in a sealed tube at 100° for 3 hr., reduced 
with lithium aluminium hydride in tetrahydrofuran, and hydrolysed with n-sulphuric acid at 
100° for 2 hr.; chromatography of the hydrolysate then showed 2,3-di-O-methylgalactose. Simi- 
lar treatment of fraction b, Ry 0-06—0-30, afforded 2,3-di-O-methylgalactose together 
with 2,3,4-tri-O-methylgalactose and 3,4-di-O-methylrhamnose. 

Reduction of Hexuronic Acid Derivatives with Diborane.—Boron trifluoride-ether complex 
(4-0 g.) in 1,2-dimethoxyethane (10 ml.) was added dropwise with stirring during 1 hr. to lithium 
borohydride (0-5 g.) in 1,2-dimethoxyethane (10 ml.) through which a slow stream of nitrogen 
was bubbled, and the liberated diborane was passed into tetrahydrofuran (40 ml.). The 
solution of diborane in tetrahydrofuran was used in reductions. 

(a) Diborane in tetrahydrofuran (20 ml.) was added to methyl 2,3,4-tri-O-methyl-8-p- 
glucopyranosiduronic acid 4 (0-65 g.) in tetrahydrofuran (20 ml.). The solution was kept at 
room temperature for 3 hr., excess of diborane was destroyed by the addition of ethanol and 
water, the solution was taken to dryness, and the residue was repeatedly evaporated with 
methanol to remove boric acid. The product recrystallised from light petroleum (b. p. 60—80°) 
to yield methyl 2,3,4-tri-O-methyl-8-p-glucopyranoside (0-52 g.), m. p. 92° and mixed m. p. 
(with sample, m. p. 89°) 90°. A sample of the methyl glycoside was hydrolysed and chromato- 
graphy of the hydrolysate showed only 2,3,4-tri-O-methylglucose. The same procedure was 
used for the reduction of methyl 2-O-(p-galactopyranosyluronic acid)-L-rhamnopyranoside 
pentamethy]l ether. 

(b) Diborane in tetrahydrofuran (20 ml.) was added to methylated Norway spruce xylan 
(free-acid form, 0-20 g.) [Found: uronic anhydride (by Kaye and Kent’s method %*), 9%] in 
tetrahydrofuran (20 ml.), and, after 20 hr. at room temperature, methylated reduced xylan 
(0-18 g.) [Found: uronic anhydride, ca. 0-4%] was worked up as described above. Samples 
of the methylated acidic xylan and of the reduced methylated xylan were heated with methanolic 
2% hydrogen chloride in sealed tubes at 100° for 3 hr., the methanolysis products were 
hydrolysed with n-hydrochloric acid at 100° for 3 hr., and the hydrolysates were examined 
chromatographically in solvents A, B, and D. In addition to neutral sugars the methylated 
acidic xylan afforded a methylated aldobiouronic acid: the reduced methylated xylan furnished 
the same neutral sugars together with 2,3,4-tri-O-methylglucose and an increased proportion 
of 3-O-methylxylose, but no methylated aldobiouronic acid. 

(c) Acetylated gum ghatti was treated with diborane in tetrahydrofuran in a similar 
manner; a gel separated from the solution almost immediately. The mixture was kept at 
room temperature for 20 hr., and the product was isolated. Samples of acetylated gum ghatti 
and of the reaction product were hydrolysed, and the hydrolysates were examined chromato- 
graphically. In addition to neutral sugars and aldobiouronic acids formed from both poly- 
saccharide samples, the reaction product gave glucose, indicating that some glucuronic acid 
residues had been reduced. 
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823. Preparation of 4C-Labelled Dialkylnitrosamines, and an 
Improved Preparation of N-Methyl-N-t-butylamine. 


By D. F. Heatu and A. R. Mattocks. 


14C-Labelled dialkylnitrosamines have been prepared with the following 
N-alkyl groups: [l-“C]diethyl; butyl[C]methyl; [1-!*C]butylmethyl; 
[*C)methyl-t-butyl; methyl-[1-C]-t-butyl; methyl-[2-C]-t-butyl. An 
improved method has been found for preparing N-methyl-N-t-butylamine. 


SEVERAL C-labelled dialkylnitrosamines RR’N-NO have been prepared for toxicological 
studies. 

The [1-"C]diethyl and butyl[!4C]}methyl compounds were prepared in the same way as 
(44C)dimethylnitrosamine.1 N-Ethyl- or N-n-butyl-toluene-f-sulphonamide was treated 
with ["#C}methyl or [“Cjethyl iodide, the NN-dialkyl-sulphonamides were hydrolysed, and 
the amines nitrosated with sodium nitrite in 50% acetic acid. ['#C]Methyl-t-butylnitros- 
amine could not be prepared in the same way. N-t-butyltoluene-p-sulphonamide with 
methyl iodide! gave only toluene-f-sulphonamide and starting material, and with 
methyl sulphate gave toluene-p-sulphonamide and its NN-dimethy] derivative. Sabatier 
and Mailhe’s method,? modified in that t-butyl isocyanide was reduced with lithium 
aluminium hydride ? instead of catalytically, gave poor yields of methyl-t-butylamine. Ona 
large scale, treatment * of t-butylamine with an excess of formic acid and reduction of the 
product with lithium aluminium hydride gave excellent yields of the amine, which was 
separated as its hydrochloride and nitrosated as described above (when hydrochloric 
acid was used instead of acetic acid the yield of nitrosamine fell from 90% to 16%). 

The [#4C]}methyl compound was prepared by the reactions, 


H-*CO,H —» Bu*-NH,*H-*CO,- —» Bu**NH-*CHO —» Bu*NH*Me. 


Carrier sodium formate and t-butylamine formate were added at the appropriate stages; 
here, because an excess of formic acid could not be used for the condensation, the reaction 
was carried out in three stages, the product being withdrawn in ether at each stage. 

[1,3-14C]- or [2-44C]-Acetone was converted (Grignard) into t-butyl alcohol and thence 
into t-butylformamide > from which the amine and nitrosamine were prepared as above. 
The Grignard reaction gave the t-butyl alcohol in ether; even when carrier alcohol had 
been added it proved difficult to concentrate the ethereal solution without losing much of 
the alcohol (b. p. 85°); a recovery of about 85% was achieved by using a long, narrow, 
plain tube as a fractionating column, provided that about 1 ml. of ether was allowed to 
remain undistilled (this did not interfere with the succeeding reactions). 

[1-“C]Butylmethylnitrosamine was prepared from sodium [1-“C]butyrate by the 
reactions: 


Pr-*CO,H —» Pr-*COC] —» Pr-*CO-NHMe —» Pr-*CH,,-NHMe —» *BuMeN:NO. 


The radiochemical yields were calculated from the specific activities of specimens of 
barium carbonate got by wet oxidation of known portions of the products after dilution 
with carrier.6 The t-butyl compounds were obtained as solids and were weighed. The 
rest were prepared as dilute aqueous solutions, from which they were not easily separated 


1 Dutton and Heath, J., 1956, 1892. 
2 Sabatier and Mailhe, Bull. Soc. chim. France, 1907, 1, 614. 
3 Cf. Amundsen and Nelson, J. Amer. Chem. Soc., 1951, '78, 242. 
* Hamlin and Freifelder, J. Amer. Chem. Soc., 1953, 75, 369; Wawzonek and Culbertson, ibid., 
1960, 82, 441. 
5 Ritter and Kalish, J. Amer. Chem. Soc., 1948, 70, 4048. 
® Heath and Dutton, Biochem. J., 1958, 70, 619. 
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and in which they were estimated polarographically. The method developed for dimethy]- 
nitrosamine * proved applicable to all the nitrosamines described in this paper. It was 
assumed that the starting compounds contained the amounts of !4C stated by the vendors. 
The yields are listed in Table 1. 

The [1-C]diethyl and the butyl[!C]methyl compound were prepared without carrier 
and were therefore assumed to be as active as the starting materials. The specific activities 
of the other compounds were calculated from the specific activities of barium carbonate 
samples prepared from them. The specific activities are listed in Table 1. 

A portion of each product was diluted with about 2 g. of carrier and its specific activity 
then determined. Most of the mixture was dissolved in water, and extracted with an equal 
volume of methylene dichloride. The extract was fractionated, a small fraction (0-2— 
0-4 g.) of purified nitrosamine was collected, and its specific activity was found. In Table 1 
the specific activities of each compound before and after purification are given. They are 
expressed in counts/min. obtained from barium carbonate preparations counted at infinite 
thickness. Each figure is the average of duplicate determinations. Duplicates usually 
agreed within 1%. Purification, therefore, only affected significantly the specific activities 
of the [1-!C]- and [2-C]-t-butyl compounds, both of which apparently contained about 
5% of some active impurity. Probably this impurity was ["C]-t-butyl alcohol, some of 
which may have been unchanged in the various reactions and separations. 


TABLE l. 
Specific activities, yields and purities of [}*C]dialkylnitrosamines, RR’N-NO. 


Yield (%), Specific activities and 
Scale based purification (c.p.m.) 
RR’ Mc/mmole (mmole) on HC before after diff. (%) 
ee! rrr 1-8 0:6 64 2455 2440 0-6 
I ckicndcasecibenss 1-0 2-0 56 3154 3181 0-9 
FRING: ccccveccessoses 0-5 3-0 44 1781 1756 1-4 
SEE ausiccncccnencenes 0-21 6-0 48 4285 4359 —1-7 
PRECIO onc cccccccceees 0-12 6-0 40 3722 3530 5-4 
TEED occ ccccccccees 0-09 5-5 29 3032 2866 5-5 
EXPERIMENTAL 


N-t-Butylioluene-p-sulphonamide.—t-Butylamine (15 g.), benzene (15 ml.), toluene-p- 
sulphonyl chloride (20 g.), and 3N-sodium hydroxide (50 ml.) were stirred together for 14 hr. 
The benzene layer was washed with water and concentrated, and light petroleum (b. p. 80— 
100°) was added. The product (19 g., 80%) crystallised on cooling; having m. p. 110—112° 
(lit.,8 m. p. 113—114°). 

Action of Methyl Iodide and Sulphate on N-t-Butyltoluene-p-sulphonamide.—(a) Methyl iodide. 
The sulphonamide was held at 70° for 72 hr. in a sealed tube with potassium hydroxide and 
methyl iodide in aqueous ethanol.t Only toluene-p-sulphonamide (0-025 g.) and unchanged 
starting material (0-187 g.) were separated from the product. 

(b) Methyl sulphate. The sulphonamide (5 g.) and methyl sulphate (2-2 ml.) in benzene 
(20 ml.) were refluxed for 14 hr., cooled, and shaken with 6N-sodium hydroxide. On acidific- 
ation the aqueous layer yielded toluene-p-sulphonamide (2-8 g.), m. p. and mixed m. p. 134° 
(from benzene). The benzene layer yielded NN-dimethyltoluene-p-sulphonamide (0-4 g.), 
m. p. and mixed m. p. 79—80°. . 

N-Formyl-t-butylamine.—t-Butylamine (90 g.) was added to 98—100% formic acid (180 ml.) 
with cooling. The mixture was heated under reflux for 3 hr., and then fractionated, finally 
under reduced pressure. The fraction of b. p. 65°/1 mm. was collected (lit.,5 b. p. 202°/1 atm.) 
(yield, 81 g., 65%). 

N-Methyl-t-butylamine.—(a) To t-butyl isocyanide® (0-89 g.) at 0°, lithium aluminium 
hydride (0-6 g.) suspended in ether (30 ml.) was added. The mixture was stirred for 1 hr., left 

7 Heath and Jarvis, Analyst, 1955, 80, 613. 


8 Briscoe, Challenger, and Duckworth, J., 1956, 1755. 
® Nef, Annalen, 1899, 309, 154. 
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overnight, and treated with 3N-sodium hydroxide (10 ml.). The amine was extracted with 
ether, from which it was removed in 2N-hydrochloric acid. On evaporation to dryness and 
recrystallisation from ethanol—water, 0-145 g. of the chloride, m. p. 252—254° was obtained. 

(b) N-Formyl-t-butylamine (23 g.) in ether (50 ml.) was added in $ hr. to lithium aluminium 
hydride (22 g.) in ether (300 ml.). The mixture was refluxed for 3 hr., left overnight at room 
temperature, and worked up essentially as before. Methyl-t-butylammonium chloride (25 g., 
89%), after several recrystallisations from ethanol, had m. p. 254° (Found: C, 48-7; H, 11-4; 
N, 11-4; Cl, 29-1. C,H,,CIN requires C, 48-6; H, 11-3; N, 11-3; Cl, 28-7%). The picrate of 
the amine crystallised from ethanol as rectangular yellow leaflets, m. p. 194° (Found: C, 42-2; 
H, 5:3; N, 17-7. C;H,3N,C,H,N,O, requires C, 41-8; H, 5-1; N, 17-7%). 

N-Methyl-N-t-butylnitrosamine.—Sodium nitrite (60 g.) in water (100 ml.) was added slowly 
with stirring to N-methyl-t-butylammonium chloride (40 g.) in water (70 ml.) and acetic acid 
(30 ml.) at 25—35°. After 4 hr. the mixture was cooled in ice and treated with 10N-sodium 
hydroxide (120 ml.). The mitrvosamine was extracted with ether (5 times), dried, recovered 
(34 g., 91%), and fractionated, having b. p. 66°/5 mm. and m. p. 22—23° (pale yellow prisms) 
(Found: C, 51-8; H, 10-7; N, 24-3. C;H,,N,O requires C, 51-7; H, 10-3; N, 24-2%). 

On a small scale a similar yield was obtained, but this was greatly reduced if hydrochloric 
acid was added. 

N-['4C] Methyl-N-t-butylnitrosamine.—Sodium [C]formate (22-2 mg., 2 mc) was diluted to 
2 mM with carrier sodium formate. Free formic acid was got by acidification with 1-3N- 
sulphuric acid (3 ml.) and separated by continuous extraction with ether for 2 hr. The extract 
was dried (Na,SO,) and treated at <0° with an excess of t-butylamine (about 0-25 g.) in dry 
ether (4 ml.) with shaking, to give t-butylammonium formate. The ether was evaporated in a 
stream of dry nitrogen, and the residue diluted with carrier t-butylammonium formate (4-3 mM, 
prepared by mixing cooled ethereal solutions of formic acid and an excess of amine, evaporating 
the product to dryness, and drying the residue im vacuo over phosphorus pentoxide). To 
convert the formate into the amide it was held under reflux for 1 hr. at 193° in a glycerol bath 
heated with octan-l-ol vapour. After cooling, the formyl compound was extracted with ether 
(3 x 5 ml.), the first lot being run down the condenser. The residue was re-heated and 
re-extracted twice more in the same way. The combined ethereal extracts were dried (Na,SO,) 
and added slowly to lithium aluminium hydride (1-5 g.) in ether (10 ml.) at about —80°. The 
mixture was refluxed for 4 hr. and cooled to —80°. Water (24 ml.) was added slowly, and the 
mixture was allowed to warm to room temperature and acidified with acetic acid (35 ml.). 
The ether was driven off with a stream of nitrogen, sodium nitrite (20 g.) was added, and the 
mixture was held at 20—30° for 15 min. and treated with sodium hydroxide (40 g.) in water 
(100 ml.). The nitrosamine was extracted with ether (6 times), dried (Na,SO,), and recovered 
by distillation through a short column. The last solvent was removed by evaporation for 
1 min. at room temperature at ~1 mm. The nitrosamine crystallised on cooling (3-9 mmole, 
62-2% of overall chemical yield). 

N-Methyl-N-[1"C]- and N-[2-“C]-t-butylnitrosamine.—The [2-!4C]-compound was prepared 
as follows. [1,3-C]Acetone (2 mmoles, 1 mc) was added in vacuo to methylmagnesium iodide 
(4-8 mmoles) in ether (2-8 ml.), previously de-gassed to removed methane. The mixture was 
held at room temperature for 34 hr. and cooled below 0°. Saturated ammonium chloride 
solution (1 ml.) was added with shaking to release t-butyl alcohol. The ether layer and 6 ether 
washings were transferred to carrier t-butyl alcohol (3-52 mmole) in ether (50 ml.) and dried 
(Na,SO,). The ethereal solution was heated in a 50 ml. round-bottomed flask fitted with a 
thick-walled air-jacketed tube (50cm. long x 0-5 cm. internal diameter; to act as a fractionating 
column) at ~50°, so that the distillation and reflux rates were about equal to 30 drops/min., and 
distillation was stopped when the residue totalled about 3 ml. By this method about 80% of 
the t-butyl alcohol remained in the residue. Several other methods gave much lower recoveries. 
The product was converted into N-formylbutylamine as follows. Acetic acid (2-5 ml.) and 
95%, sodium cyanide (0-5 g.) were added, and then 1: 1 v/v acetic and sulphuric acid (2-5 ml.) 
dropwise with shaking during } hr. The mixture was left overnight, then cooled to 0°, and 
water (15 ml.) and enough 6N-sodium hydroxide (about 18 ml.) were added to make the product 
just alkaline. The product was extracted with ether and the combined extracts were dried 
(Na,SO,). The amide was reduced to N-methyl-t-butylamine with lithium aluminium 
hydride, from which the nitrosamine was prepared as was the [!##C]methyl compound in a yield 
of 3-2 mmole (58% overall chemical yield). 
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The [1-"C]-compound was prepared similarly from [2-'C]acetone (2 mmoles, 1 mc), except 
that methylmagnesium bromide was used instead of the iodide, and 4:18 mmoles of 
carrier t-butyl alcohol were added. An unknown amount of acetone was lost during the transfer 
in vacuo. The yield was 3-36 mmole (54-3% overall chemical yield). 

In a trial run (no labelling) the product had m. p. 21—23°. 

N-Butyl-N-methyltoluene-p-sulphonamide.—N-Butyltoluene-p-sulphonamide !° (20 g.) was 
dissolved in 8% sodium hydroxide solution (500 ml.), and methyl sulphate (40 g.) was added 
during $ hr. at 35—40° with stirring. After a further 14 hours’ stirring at room temperature, 
the product was extracted with benzene (17-1 g., 80% yield) and distilled [b. p. 190° (bath) /4 mm. 
(lit.,1* 200—202°/12 mm.)] (Found: C, 59-7; H, 7-9; N, 6-0. Calc. for C,,H,,NO,S: C, 59-3; 
H, 7-9; N, 58%). 

This sulphonamide (10 g.) was hydrolysed with boiling 60% sulphuric acid for 1 hr., to give 
N-methylbutylamine, which was isolated as the hydrochloride (4-8 g., 94%). 

N-Butyl-N-methylnitrosamine.—This was prepared from commercial N-methylbutylamine 
(50 g.) as described for N-methyl-N-t-butylnitrosamine. The ether extract containing the 
nitrosamine was washed with water, dilute hydrochloric acid, water, 3N-sodium hydroxide, and 
twice more with water, and dried (Na,SO,). After removal of the solvent, the residue was 
fractionated through a column of glass helices (height 6 in.). Almost the whole of the material 
distilled at 55-5° + 0-5°/1-5 mm. (lit.,2 107-1—107-7°/40 mm.) (44 g., 67%) (Found: N, 24-2. 
Calc. for C;H,,.N,O: N, 24:2%). 

N-[1-"C]Butyl-N-methylnitrosamine.—Sodium [1-“C]butyrate (23-4 mg., 1 mc) was diluted 
to 320 mg. (2-91 mmoles) with inactive sodium butyrate and dissolved in water (1 ml.) and 
2n-sulphuric acid (2 ml.). The free butyric acid was extracted with ether (20 + 5 ml.). The 
combined ether extracts were dried (Na,SO,) and most of the ether was removed. Thionyl 
chloride (0-5 ml.) was added to the butyric acid at — 70° and the mixture was then warmed to room 
temperature during 5 min. and held at room temperature for 10 min. at 35° for 10 min. 
N-Methylbutyramide was prepared from the product by treating it in dry ether (5 ml.) at —70° 
with anhydrous methylamine (2 ml.) in ether (5 ml.). The reaction was complete after 10 min. 
at room temperature, with shaking. Water was added, ether and the excess of methylamine 
were removed in a stream of nitrogen, and the product was neutralised (Neutral Red) with 
2n-sulphuric acid. The product was separated by continuous extraction with ether for 45 min. 
and dried (Na,SO,). Its ethereal solution was run into a suspension of lithium aluminium 
hydride (0-5 g.) in dry ether (10 ml.) at below 0°. The mixture was refluxed for 4 hr., then 
cooled to <0°. Water (8 ml.) and glacial acetic acid (8 ml.) were added in turn with shaking, 
and the ether was evaporated. The butylmethylammonium acetate was converted into the 
nitrosamine, which was separated by distillation from 3N-sodium hydroxide as an aqueous 
solution, as described elsewhere. 

The yield estimated polarographically was 2-32 mmoles (79-8%). 

Paper Chromatography of Amine Picrates.—Descending chromatograms were run for 
approximately 18 hr.on Whatman No. 1 paper in the non-aqueous layer from 1 : 1 butyl alcohol: 
5% v/v aqueous acetic acid. The amines, in ethanol, were neutralised with picric acid and 
spotted on the paper. Separations were good enough to prove that samples of N-methylbutyl- 
amine and N-methyl-t-butylamine were not contaminated with dimethylamine. The Rp 
values for picrates of the amines were: butylamine, 0-85; N-methylbutylamine, 0-85; t-butyl- 
amine, 0-83; methyl-t-butylamine, 0-81; dimethylamine, 0-71; ethylamine, 0-73; ammonium 
picrate, 0-67; picric acid, 0-70. 

ToxIcoLoGy RESEARCH UNIT, MEDICAL RESEARCH CoUNCIL LABORATORIES, 

WoOoODMANSTERNE RoapD, CARSHALTON, SURREY. [Received, May 9th, 1961.] 


10 Demeny, Rec. Trav. chim., 1931, 50, 51. : 
11 Lukes and Preucil, Coll. Czech. Chem. Comm., 1938, 10, 384. 
12 Toffe, Zhur. obshchei Khim., 1958, 28, 1296; Chem. Abs., 1958, 52, 19,907. 
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824. Polycyclic Systems. Part X.1_ Structure of the Cx, Hydrocarbon 
from Cholesterol: a Synthesis of 4'-Isobutyl-6'-methylindeno(2’ 3’ :1,2)- 
phenanthrene. 

By D. NAsIPurRI. 


4’-Isobutyl-6’-methylindeno(2’,3’:1,2)phenanthrene has been synthesised. 
It differs from a hydrocarbon, C,,H,, (or C,;H,.), which was isolated as a 
minor product on dehydrogenation of cholesterol and related compounds 
and to which this formulation was ascribed. 


CHOLESTEROL or cholesteryl chloride on dehydrogenation with selenium? afforded a 
number of hydrocarbons of which two are of particular importance. One, commonly 
known as the Diels hydrocarbon, is 3’-methyl-1,2-cyclopentenophenanthrene,® but the 
other,‘ of molecular formula C,,H,, (or C,;H,.), m. p. 225—226°, has been the subject of 
much discussion ° and is not still conclusively identified. Of the various plausible mechan- 
isms of the formation of indeno(2’,3’:1,2)phenanthrene derivatives from the steroids, ¢.g., 
CygH,, from cholesterol, C,,H,, from ergosterol, and C,,H,, from phytosterols,’ that 
involving initial fission of the steroid ring D followed by cyclisation of the side chain to 
give a new five-membered ring (A — C) (see also the formation of chrysene from cholic 


R 





acid 8) seems attractive. This implies structure (C; R = H) for the hydrocarbon from 
cholesterol and (C; R = Me or Et) for those from ergosterol and phytosterols respectively.® 
These structures, however, have not been confirmed by synthesis. In the previous 
paper,! we described a new unambiguous synthesis of indeno(2’,3’:1,2)phenanthrene. 
We now report the synthesis of its derivative (C; R = H) by that route. The synthetic 
hydrocarbon differs from that obtained from cholesterol. 

The requisite Mannich base (III; R = piperidino) for the present synthesis was 
prepared from the keto-ester (II) by Mannich and Curtaz’s procedure. This ester was 
obtained from isohexanoyl chloride (a) by condensation with ethyl sodioacetoacetate 
followed by methylation of the resultant dioxo-ester (I; R = H), or (0) by condensation 
with ethyl «-methylacetoacetate and ammonolysis of the product (I; R= Me). The 
structure of the amino-ketone (III; R = piperidino) was confirmed by conversion into 
the keto-acid (III; R = CH,°CO,H) and comparison of the latter with a specimen prepared 
from the keto-ester (II) by treatment with ethyl 8-bromopropionate and hydrolysis. 


1 Part IX, J., 1961, 3361. 

2 Diels, Gadke, and Kérding, Annalen, 1927, 459, 1; Diels, Ber., 1933, 66, 487, 1122. 

8’ Bergmann and Hillemann, Ber., 1933, 66, 1302; Harper, Kon, and Ruzicka, J., 1934, 124. 

* Cook, Hewett, Mayneord, and Roe, Chem. and Ind., 1934, 58, 569. 

5 Rosenheim and King, Chem. and Ind., 1933, 52, 299; Cook, Hewett, Mayneord, and Roe, J., 1934, 
1727; Bernal and Crowfoot, J., 1935, 93. 

® Diels and Karstens, Annalen, 1930, 478, 129; Ruzicka, Goldberg, and Thomann, Helv. Chim. 
Acta, 1933, 16, 812; Diels and Stephan, Annalen, 1937, 527, 279; and also ref. 7. 

7 Ruzicka and Goldberg, Helv. Chim. Acta, 1937, 20, 1245. 

® Raudnitz, Petru, and Stadler, Ber., 1933, 66, 879; Cook and Hewett, J., 1933, 1098; see also 
ref. 1 and Ruzicka, Thomann, Brandenberger, Furter, and Goldberg, Helv. Chim. Acta, 1934, 17, 200. 

® Bergmann, J. Amer. Chem. Soc., 1938, 60, 2306 

10 Mannich and Curtaz, Arch. Pharm., 1926, 264, 741. 











‘bon 
92 ) 


da 
only 
the 
st of 
han- 
é.g., 
that 
n to 
10lic 


i 


rom 
ely.® 
‘ious 
ene. 
1etic 


was 
was 
tate 
tion 
The 
into 
ared 


1934, 


him. 


also 
200. 





[1961] Nastpuri: Polycyclic Systems. Part X. 4231 


The methiodide of the amino-ketone was next condensed with potassio-derivative of 
the B-oxo-ester! (V), affording the dioxo-ester (VI; R = *CO,Me) in about 50% yield, 
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and, a by-product, whose dinitrophenylhydrazone gave correct analyses for the diketone (VI; 
R = H) and which was converted into the ketone (VII) by acid. The total product was, 
therefore, heated with acetic acid and concentrated hydrochloric acid under carbon 
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Absorption spectra of indeno(2’,3’:1,2)phenanthrenes: (A) 5’,6’,7’,7’a-tetrahydro-5’-ox0-; (B) 4’-methyl 
derivative of (A); (C) 4’-isobutyl-6’-methyl derivative of (A), i.e., (VII); (D) indeno(2’,3’:1,2)phen- 
anthvene; (E) 4’-isobutyl-6’-methyl derivative of (D); (F) Diel’s hydrocarbon, CygH4, from cholesterol. 

dioxide," the unsaturated ketone (VII) was then isolated in about 60% yield. Its infrared 

absorption spectrum is consistent with structure (VII); the ultraviolet absorption curves 
of this and two related ketones! are shown in Fig. 1. When during the hydrolysis air 

















was not fully excluded, ca. 10% of a phenolic compound (VIII), m. p. 231°, was isolated 


along with the ketone (VII); this compound gave an acetate, had infrared absorption 
due to an unassociated hydroxyl group, and was recovered unchanged on treatment with 
lithium aluminium hydride and subsequent dehydrogenation. 

The ketone (VII) was reduced by lithium aluminium hydride and the crude alcohol 
dehydrogenated with 30% palladium-charcoal # at 300—320°. The product (C; R = H), 


11 Wilds and Werth, J. Org. Chem., 1952, 17, 1149. 
12 Linstead and Thomas, /., 1940, 1127. 
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when purified, had m. p. 212-5° and ultraviolet absorption (Fig. 2) resembling that of the 
indenophenanthrene system (cf. Cook ef al.5) with the characteristic slight bathochromic 
shift of the parent spectrum observed throughout. It gave a 2,4,7-trinitrofluorenone 
complex, m. p. 214—215°, and a 1’-ketone, m. p. 187°. The melting point of the hydro- 
carbon could not be raised further by repeated chromatography over alumina. It depressed 
the melting point of the Diels hydrocarbon from cholesterol, and similar depressions were 
observed with the derivatives. The synthetic hydrocarbon thus differs from the Diels 
hydrocarbon, m. p. 226° (ketone, m. p. 194°; trinitrofluorenone complex, m. p. 202—203°). 
The ultraviolet absorption spectra of the two (Fig. 2) are similar in the region 220—300 mu., 
but different in the region 310—340 my. It should be noted that the elemental analysis 
of Diels hydrocarbon, isolated by us on dehydrogenation of cholesterol corresponds more 
closely to the molecular formula, C,;Ho.. 


EXPERIMENTAL 


M. p.s are corrected. Ultraviolet absorption spectra were recorded for ethanolic solutions 
on a Beckmann spectrophotometer, unless otherwise stated. 

Ethyl 2,6-Dimethyl-3-oxoheptanoate (II).—(a) A solution of isohexanoyl chloride, b. p. 
142° (40 g.), in ether (100 ml.) was added gradually with stirring to a cooled suspension of ethyl 
sodioacetoacetate (from sodium, 7-2 g.); ethyl acetoacetate, 40 ml.) in ether (400 ml.). The 
mixture was left overnight at the room temperature, then refluxed for 30 min., cooled, and 
decomposed with an excess of cold dilute sulphuric acid. The aqueous layer was extracted 
once with ether. The combined ethereal solutions were washed with water, dried (Na,SO,), 
and evaporated, and the residue distilled, to yield ethyl 7-methyl-2,4-dioxo-octane-3-carboxylate 
(I; R = H) (46 g.), b. p. 95—100°/1-5 mm. A middle fraction was analysed (Found: C, 63-2; 
H, 8-6. C,.H,,O, requires C, 63-2; H, 8-8%). 

This product (45 g.) was added to a cooled solution of sodium (4-6 g.) in absolute ethanol 
(100 ml.) and was refluxed with an excess of methyl iodide for 10 hr. Most of the alcohol was 
then removed at the water-pump and the residue diluted with water and thoroughly extracted 
with ether. The ethereal extracts were washed with dilute sodium hydroxide solution, then 
with water, and dried (MgSO,), and the ether was removed. The residue yielded ethyl 2,6- 
dimethyl-3-oxoheptanoate (I1) (17 g.), b. p. 90—92°/5 mm. (Found: C, 66-1; H, 10-2. C,,H, 0, 
requires C, 66-0; H, 10-0%), n,*° 1-4283. 

(b) A solution of isohexanoyl chloride (47 g.) in ether (100 ml.) was added to a cooled 
suspension of sodio-derivative from sodium (8 g.), ethyl «-methylacetoacetate '* (50 g.), and 
ether (450 ml.). After the initial reaction at the room temperature (12 hr.), the mixture was 
refluxed for 1 hr., and the product worked up as usual, to give ethyl 3,7-dimethyl-2,4-dioxo- 
octane-3-carboxylate (I; R = Me) (63 g.), b. p. 110—115°/5 mm. (Found: C, 64-7; H, 9-3. 
C,,;H,,O, requires C, 64-5; H, 9-1%). 

This ester (60 g.), in dry ether (100 ml.), was cooled in a freezing mixture while a rapid 
stream of dry ammonia was passed into it. After 1 hr., the solution was left overnight. It 
was then repeatedly shaken with cold 3N-hydrochloric acid, the ethereal layer separated, and 
the acid layer was extracted thrice with ether (100 ml.). The combined ether extracts were 
washed with water, dried (Na,SO,), and evaporated. The ester was obtained (30 g.), with 
b. p. 85—90°/5 mm., 7,,°! 1-4281 (Found: C, 59-8; H, 10-0%). It showed an intense ferric 
reaction. 

2,6-Dimethyl-1-piperidinoheptan-3-one (III; R = NC,;H,,).—The ester (II) (20 g.) was 
shaken with a solution of potassium hydroxide (6-5 g.) in water (250 ml.) at 0° for 48 hr. Some 
neutral matter separated and was removed in ether. To the cold alkaline solution, piperidine 
hydrochloride (12-2 g.) was added. The solution was kept acidic to Methyl Red by gradual 
addition of concentrated hydrochloric acid. 40% Formaldehyde solution (10 ml.) was next 
added and the mixture stirred in the cold with occasional addition of concentrated hydrochloric 
acid, then left overnight at 0°. The acidic solution was once extracted with ether and then 
basified with concentrated potassium hydroxide solution. The liberated amino-ketone was 
extracted with ether, dried (K,CO,), and distilled. 2,6-Dimethyl-1-piperidinoheptan-3-one (III; 





13 Cardwell, J., 1949, 715. 
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R = -NC;H, 9) was obtained as an oil (11-2 g., 50%) at b. p. 103—105°/2 mm. (Found: C, 
74-6; H, 11-8; N, 6-8. C,,H,;NO requires C, 74:7; H, 12-0; N, 6-2); it had n,*° 1-4580. 

4,8-Dimethyl-5-oxononanoic Acid (III; R = CH,°CO,H).—(a) The above amino-ketone 
(5 g.) was kept in with methyl iodide (1-5 ml.) at 0° for 1 hr. and then at the room temperature 
for 6 hr. The gummy methiodide was once washed with dry ether, then dissolved in dry 
methanol (15 ml.), added to a solution of ethyl sodiomalonate (from diethyl malonate, 4 ml., 
sodium, 0-6 g., and ethanol, 15 ml.), and heated under reflux for 4 hr. The product was 
worked up in the usual way, and organic matter taken up in ether, and finally distilled, to 
give ethyl 3,7-dimethyl-4-oxo-octane-1,1-dicarboxylate (3 g.), b. p. 180°/12 mm. This was 
boiled with concentrated hydrochloric acid (10 ml.) for 10 hr. The acid (III; R = CH,*CO,H) 
was obtained as a gum (1-2 g.), b. p. 140—150°/5 mm. _ Its semicarbazone (from ethanol) had 
m. p. 146° (Found: C, 56-05; H, 9-0; N, 16-3. C,,H,,;N,O, requires C, 56-0; H, 8-95; N, 
16-3%). 

(b) The ester (II) (5 g.) was heated with ethyl B-bromopropionate (5 g.) and ethanolic 
sodium ethoxide (sodium, 0-6 g.; ethanol, 20 ml.). The product (4-8 g.), b. p. 180—185°/10 
mm., was hydrolysed with concentrated hydrochloric acid as before and the acid (III; R = 
CH,°CO,H) was obtained as a gum (2 g.), b. p. 150°/3—4 mm. (semicarbazone, m. p. and mixed 
m. p. 146° (Found: C, 56-3; H, 9-0; N, 16-4%)]. 

(c) An ethanolic solution of the unsaturated ketone (IV) (see below) was condensed with 
diethyl malonate in presence of a trace of sodium ethoxide; the product, b. p. 180°/12 mm., 
on hydrolysis with concentrated hydrochloric acid afforded the same acid [semicarbazone, 
m. p. and mixed m. p. 146° (Found: N, 16-4%)]. 

Methyl 4’-(2,6-Dimethyl-3-oxoheptyl)-3’-oxo-1,2-cyclopentenophenanthrene 4’-carboxylate (V1; 
R = CO,Me).—Methy] 8-(2-methoxycarbonyl-1-phenanthryl) propionate ! (6-3 g.), finely divided 
potassium (0-85 g.), dry thiophen-free benzene (50 ml.), and two drops of absolute methanol 
were refluxed for 4 hr. Meanwhile, 2,6-dimethyl-1-piperidinoheptan-3-one (III) (10 g.) was 
converted into the methiodide by treatment with methyl iodide (3-5 ml.), first in the cold for 
1 hr. and then at the room temperature for 4—5 hr. The semisolid methiodide was once 
washed with dry ether, dissolved in absolute methanol (30 ml.), and added dropwise to the 
cooled mixture of the above product, with shaking. The whole was left at room temperature 
overnight, then refluxed for 1 hr., treated with cold dilute sulphuric acid, and extracted with 
benzene. After washing of the benzene extract with dilute acid, dilute alkali, and water, 
the solvent was removed and the residue distilled at oil-pump vacuum up to a temperature 
of 100° to separate a low-boiling fraction (3-5 g.), b. p. 60—80°/10 mm., which was identified 
as 2,6-dimethylhept-1l-en-3-one (IV) by formation of a red dinitrophenylhydrazone, m. p. 112° 
(Found: C, 56-0; H, 6-4; N, 18-0. C,;H.)N,O, requires C, 56-25; H, 6-25; N, 17-5%). This 
ketone converted into the acid (III; R = CH,°CO,H). 

The residual gum (7-3 g.) was separated by chromatography over alumina in benzene-light 
petroleum (b. p. 60—80°) into two fractions: Fraction A (4-1 g., 50%), m. p. 100—110°, 
crystallised from ethyl acetate in needles, m. p. 115° and was the dioxo-ester (VI; R = CO,Me) 
(Found: C, 78-0; H, 6-85. C,,H,,O, requires C, 78-1; H, 7-0%). Fraction B (0-8 g.), m. p. 
110—120°, crystallised from ethyl acetate as plates, m. p. 128°, of the diketone (VI; R = H) 
(Found: C, 83-85; H, 7-7. C,.H,,0O, requires C, 83-9; H, 7:5%). Since both the fractions 
vielded the same unsaturated ketone (VII) on acid cyclisation, they were not separated in 
later experiments. 

5’,6’,7’,7’a-Tetrahydro-4'-isobutyl-6’-methyl-5’-oxoindeno(2’,3’ :1,2) phenanthrene (VII).—(a) 
Thedioxo-ester (VI; R = CO,Me) (4g.) was refluxed with acetic acid (100 ml.), concentrated hydro- 
chloric acid (50 ml.), and water (5 ml.) under carbon dioxide for 20 hr. On cooling, the solution 
deposited crystals, m. p. 155—170°, which were collected, passed in a solvent through alumina, 
and crystallised from benzene in plates (2 g., 60%), m. p. 176° (Found: C, 87-98; H, 7-33. 
C,,H,,O requires C, 88-13; H, 7-34%), Amax. (Fig. 1) 220, 250, 275, 286, 300, and 330 my (log « 
4-59, 4-16, 4-60, 4-61, 4-64, and 4-54 respectively), Amin, 245, 255, 280, 293, and 310 mu (log « 
4-13, 4:12, 4-57, 4-51, and 4-36 respectively), Amax. (in CHCl,) 6-08 and 6-20 uw. Ina 
subsequent reaction, the crude gummy product (6-5 g.) consisting of a mixture of the dioxo- 
ester (VI; R = CO,Me) and the diketone (VI; R = H) was heated with acetic acid (150 ml.), 
concentrated hydrochloric acid (75 ml.), and water (10 ml.). The mixture, on cooling, afforded 
the crude unsaturated ketone (VII) (5 g.), m. p. 150—165°, which on several crystallisations 
from benzene gave the pure ketone (3-6 g.), m. p. 176°. 
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(b) Cyclisation of the dioxo-ester (VI; R = CO,Me), m. p. 115°, by dilute sodium hydroxide 
solution according to the method of Wilds and Close failed almost completely, the dioxo- 
ester being recovered unchanged. This is presumably due to extremely low solubility of the 
dioxo-ester in aqueous alkali. 

5’-Hydroxy-4’-isobutyl-6’-methylindeno(2’,3’-1,2)phenanthrene (VIII).—When the dioxo-ester 
(VI; R= CO,Me) (4 g.) was refluxed with acetic acid (100 ml.) concentrated hydrochloric 
acid (50 ml.), and water (5 ml.) in presence of air for 15 hr., a brown solid (3-8 g.) was obtained. 
This was adsorbed on alumina and eluted with benzene to yield two fractions: (a) the unsaturated 
ketone (VII) (2-3 g.), m. p. 160—165° which after a few crystallisations from benzene gave 
the pure ketone (2-0 g.), m. p. 176°; (b) a fraction (0-5 g.), m. p. 190—210°, which after repeated 
crystallisations from benzene afforded colourless flakes (0-3 g.), m. p. 231°. The latter had a 
strong absorption at 2-8 w (OH group) and was the phenol (VIII) (Found: C, 88-5; H, 6-7. 
C,,H,,O requires C, 88-6; H, 6-8%), Amax, 221-5, 242, 285, 300, 316, 325, 350, and 368 my 
(log « 4-5, 4-26, 4-83, 4-50, 4-36, 4-37, 3-43, and 3-31 respectively), Anin, 238, 246, 295, 310, 320, 
348, and 363 muy (log ¢ 4-24, 4-25, 4:49, 4-34, 4-34, 3-37, and 2-99 respectively). With acetic 
anhydride (3 ml.) and a drop of pyridine (6 hr.) it (100 mg.) gave an acetate, needles (50 mg.), 
m. p. 260° [from benzene-light petroleum (40—60°)] (Found: C, 85-3; H, 6-6. C,,H,,O, 
requires C, 85-3; H, 66%). The phenol was recovered unchanged after treatment with 
lithium aluminium hydride followed by heating with 30% palladium-charcoal at 300—320° 
for 1 hr. 

4’-Isobutyl-6’-methylindeno(2’,3’-1,2)phenanthrene (C; R = H).—The unsaturated ketone 
(VII) (650 mg.), m. p. 176°, was stirred with lithium aluminium hydride (800 mg.) in tetra- 
hydrofuran (50 ml.) at room temperature for 4 hr. and then refluxed for 1 hr. The product 
was worked up as usual and the crude gummy alcohol (600 mg.) was heated with 30% palladium— 
charcoal (250 mg.) at 300—320° for 1 hr. Repeated extraction with hot benzene and evapor- 
ation of the extracts gave a solid that crystallised from benzene-light petroleum (b. p. 40—60°) 
as plates (350 mg.), m. p. 200—205°. This sublimed at 280—290°/0-01 mm. and the sublimate 
crystallised several times as above and finally from pyridine to afford the hydrocarbon in needles, 
m. p. 212—212-5° (Found: C, 93-0, 92-8; H, 7-0, 7-2. C,H, requires C, 92-9; H, 7-1%). 
The m. p. of the hydrocarbon was not raised further by crystallisation or chromatography over 
alumina. The ultraviolet absorption spectra (Fig. 2) showed maxima at 220-5, 232, 240, 274, 
284, 300, 310, 324, 350, 358, and 367 mu (log ¢ 4-38, 4-30, 4-26, 4-71, 4-86, 4-54, 4-37, 4-37, 3-18, 
2-74, and 3-18 respectively), Amin, 229, 238, 250, 276, 296, 308, 318, 345, 356, and 362 muy (log « 
4-28, 4-25, 3-98, 4-70, 4-52, 4-36, 4-26, 2-80, 2-71, and 2-51 respectively). The m. p. was de- 
pressed to 180—187° on admixture with Diels hydrocarbon, m. p. 226°, prepared from cholesterol 
according to the method of Ruzicka et al.6 The latter hydrocarbon (Found: C, 93-3; H, 6-7. 
Calc. for C,,H,,: C, 92-9; H, 7-1. Calc. for C,;H,.: C, 93-2; H, 6-8%) had Amgx, 220, 232, 239, 
273, 282, 298, 319, 340, 348, 357, and 366 mu (log ¢ 4-49, 4-38, 4-35, 4-74, 4-83, 4-54, 4-45, 2-99, 3-27, 
2-92, and 3-31 respectively), Amin, 228, 236, 249, 275, 293, 314, 338, 344, 354, and 361 mu (log « 
4-35, 4-33, 4-10, 4-73, 4-48, 4-27, 2-97, 2-93, 2-88, and 2-75 respectively) (cf. Fig. 2). 

The synthetic hydrocarbon (C; R = H) afforded a 2,4,7-trinitrofluorvenone complex which 
crystallised from benzene-ethanol in red needles, m. p. 214—215° (decomp.) Found: C, 71-55; 
H, 4-6; N, 63. C,gH4,C,,H,;N,O, requires C, 71-9; H, 4-45; N, 6-45%). The Diels hydro- 
carbon from cholesterol likewise formed a trinitrofluorenone complex (red), m. p. 202—203° 
(Found: C, 71:5; H, 4:6; N, 6-3. C,gH4,C,;,H;N,O, requires C, 71-9; H, 4-45; N, 63%). 
The mixed m. p. of these two was 185—200°. 

4’-Isobutyl-6’-methyl-1’-oxoindeno(2’,3’-1,2)phenanthrene.—The synthetic hydrocarbon (C; 
R = H) (130 mg.) was heated with sodium dichromate (400 mg.) in acetic acid (10 ml.) for 15 
min., cooled, and diluted with water. The precipitate was filtered off and crystallised from 
acetic acid as orange needles (90 mg.), m. p. 184—186°. These were adsorbed on alumina 
and eluted with benzene. The triketone which was formed in small quantity was completely 
adsorbed at the top of the column and the monoketone was eluted in benzene. The orange 
compound left after the removal of benzene was twice crystallised from ethyl acetate and 
obtained as orange-red needles (50 mg.), m. p. 187° (Found: C, 89-1; H, 6-2. C,,H,.O requires 
C, 89-1; H, 6-2%). The corresponding ketone obtained by the oxidation of the Diels hydro- 
carbon, m. p. 226°, was yellow and had m. p. 194° (Found: C, 88-8; H, 6-4. Calc. for C,,H,,O: 


4 Wilds and Close, J. Amer. Chem. Soc., 1946, 68, 83. 
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Both ketones gave intense violet colours in concentrated sulphuric acid 
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825. T'ransamination. Part II1.* The Non-enzymic Reactions be- 
tween Pyridoxamine and Pyruvic Acid and between Pyridoxal and 
Alanine. ' 


By Barpara E. C. Banks, A. A. DIAMANTIS, and C. A. VERNON. 


The reaction between pyridoxamine and pyruvic acid in water at 25° 
over the range pH 7—10 yields pyridoxal and alanine. Kinetic and spectro- 
scopic studies show that the reaction proceeds by the fast and reversible 
formation of the Schiff’s base. The rate-limiting step, which is general-acid 
catalysed, is the interconversion of this and the isomeric Schiff’s base, 7.e., 
the change *CH=N-CHMe-’CO,H === -CH,*N=CMe-CO,H. The reverse 
reaction (formation of pyridoxamine and pyruvic acid) has also been studied, 
but in less detail. The mechanism of the reactions is discussed. 


SNELL and his co-workers! have shown that many of the enzymic reactions in which 
pyridoxal 5’-phosphate is involved as co-factor can be simulated im vitro by heating a 
mixture of an appropriate amino-acid, pyridoxal, and a metal-ion catalyst. Following 
earlier suggestions ? that imine intermediates are involved, Snell and his co-workers ® 
suggested that the transamination proceeds essentially as shown in scheme (A) (which 
for simplicity has been written without reference to ionic states or to the formation of 
chelates between the intermediates and any metal ions present in solution). 


CH=N-CHR-CO3H 


CHO 
HO-H,C OH - HO-H,Cq SOH - 
: CO + R-CH(NH)-COjH —> a) poees 
Z7Me Me 
N N (I) 
CH,-N=CR-CO2H ss; = —sestséié«—C (A) 


HO-H2,C~ OH 


Z7Me 


HO-H,Ce OH 
| + R-CO-CO>H 
NZ Me 


—— 
=— 
(11 


Intermediates of type (I) and their metal chelates (C;) have been isolated. Semi- 
quantitative kinetic studies® support the view that under Snell’s conditions reaction 
proceeds via metal chelates C; and Cy. Metzler ® showed that in aqueous solution, imines 


* Part I, J., 1961, 1698. » 


1 Snell, J. Amer. Chem. Soc., 1945, 67, 194; Snell and Metzler, J. Amer. Chem. Soc., 1952, 74, 979; 
Metzler, Olivard, and Snell, J. Amer. Chem. Soc., 1954, 76, 644. 

* Braunstein, Enzymologia, 1937, 2, 138; Herbst, Adv. Enzymology, 1944, 4, 75; Braunstein and 
Shemyakin, Biokhimiya, 1953, 18, 393. 

3 Metzler, Ikawa, and Snell, J. Amer. Chem. Soc., 1954, 76, 648. 

* Hamis, Heyl, and Folkers, J. Biol. Chem., 1944, 154, 315; Christensen and Collins, ibid., 1956, 
220, 279; Heyl, Luz, Harris, and Folkers, J. Amer. Chem. Soc., 1948, 70, 3429, 3669; 1952, 74, 414; 
Christensen, ibid., 1957, 79, 4073. 

5 Fasella, Lis, Siliprandi, and Baglioni, Biochim. Biophys. Acta, 1957, 28, 417. 
® Metzler, J. Amer. Chem. Soc., 1957, 79, 485. 
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(e.g., [) are rapidly and reversibly formed from pyridoxal and amino-acids, and the 

equilibrium constants involved were measured spectrophotometrically. Matsuo’ found 

that similar reactions occur with pyridoxal 5’-phosphate in ethanol and that, under these 

conditions, transamination occurs readily even in the absence of metal-ion catalysts. 
This paper reports a detailed kinetic study of the reaction: 


Pyridoxamine + Pyruvate == Pyridoxal + Alanine (B) 















































EXPERIMENTAL 


Materials.—Pyridoxamine hydrate crystallised from an aqueous solution of pyridoxamine 
dihydrochloride which had been neutralised with sodium hydroxide. It was washed with 
water and methanol and twice recrystallised, under nitrogen, from water (Found: C, 47-4; 
H, 8-1; H,O, 16-6. Calc. for C,H,,N,O,: C, 47-0; H, 8-4; H,O, 17-5%). The dissociation 
constants pK,,,, pKa,2, pKa,3, determined by titration with a glass electrode, were 3-33, 8-08, 
and 10-33, respectively. 

Pyridoxal ethyl acetal hydrochloride (Roche Products Ltd.) was dissolved in water and 
heated at 60°, for 10 min.; pyridoxal separated after addition of an equivalent of sodium 
hydrogen carbonate and was recrystallised, under nitrogen, from water (Found: C, 57-2; 
H, 5-7. Calc. for CsH,NO,: C, 57-5; H, 5-4%). 

pL-Alanine (B.D.H.), when recrystallised from aqueous ethanol, was chromatographically 
homogeneous, 

Commercial samples of N-methyldiethanolamine, NN-dimethylethanolamine, and _ tri- 
ethanolamine were distilled under reduced pressure. Values of pK, were 8-61, 9-33, and 8-00 
respectively. 

NN-Dimethylglycine hydrochloride was a commercial sample (Found: equiv., 140-4. 
Calc. for CgH,CINO,: equiv., 139-6), pK, 9-70. 

Potassium pyruvate was obtained by adding freshly distilled pyruvic acid, b. p. 59—61°/10 
mm., to an equivalent of potassium ethoxide in anhydrous ethanol. The salt was filtered off, 
washed with cold ethanol and then ether, dried, and recrystallised by addition of ethanol to a 
concentrated aqueous solution. 

All inorganic reagents were of “‘ AnalaR ”’ grade. 

Preparations.—Potassium .«-4-pyridoxylideneaminopropionate * (see Heyl e¢ al.*) was 
prepared by mixing equivalent amounts (1 mmole) of pyridoxal and the potassium salt of 
alanine in anhydrous ethanol (5 ml.). Recrystallisation from anhydrous ethanol gave yellow 
crystals which were exceedingly deliquescent and were therefore handled in a dry box (Found: 
C, 46-9; H, 5-5; N, 9-1. Calc. for C,,H,,KN,O,: C, 47-8; H, 4-7; N, 10-1%). In aqueous 
solution (pH 6-9, 10-5; or 0-1M-HCl) hydrolysis is very rapid, the ultraviolet absorption spectrum 
becoming identical with that of an equimolar solution of pyridoxal. In anhydrous ethanol 
maxima occur at 256, 337, 420 my (e 7150, 3340, 2030, respectively) (cf. pyridoxal, 282, 325 mu; 
e 5020, 780 respectively). 

Nickel di-(a-4-pyridoxylideneaminopropionate) was obtained at 0° as brown crystals from an 
aqueous solution (4 ml.) containing nickel acetate (0-5 mmole), pyridoxal (1 mmole), the 
potassium salt of alanine (1 mmole), and sodium acetate (0-5 mmole). Analysis was by colori- 
metric determination of nickel ® after digestion of the complex with nitric—sulphuric acid, or 
by spectrophotometric determination of pyridoxal after complete hydrolysis in 0-1m-hydro- 
chloric acid (pyridoxal, 288 mu, ¢ 8840; pyridoxamine, 293 mu, ¢ 8530, isosbestic point 291-5 
muy, ¢ 8460; all in 0-1M-HCl) (Found: Ni, 9-7; pyridoxal, 54-8; after exhaustive drying, Ni, 9-9; 
pyridoxal, 56-6. C,,H39N,NiO, ,H,O requires Ni, 9-6; pyridoxal, 54-6. C,,H3,N,NiO,, requires 
Ni, 9-9; pyridoxal, 56-4%). The magnetic moment, calculated from the paramagnetic gain of 
the solid was found to be 3-45 B.M. (M 610-7). The ultraviolet absorption spectrum in water is 
similar to that of pyridoxal (max. at 252 and 315 my) with an additional peak at 382 my (¢ 5600). 
At pH 6-9 and 25°, hydrolysis in 2 x 10™‘m-solution occurs by a first-order process (#; ~22 min.), 
giving Ni"™ ions, pyridoxal, and alanine, the last two being identified chromatographically. 

Nickel di-(«-4-pyridoxyliminopropionate) separated as green crystals from a cold solution of 


* In this nomenclature, the numeral (here 4) refers to the side chain that is involved. 


7 Matsuo, J. Amer. Chem. Soc., 1957, 79, 2011, 2016. 
8 Mitchell and Mellon, Analyt. Chem., 1945, 17, 380. 
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pyridoxamine (2 mmole), potassium pyruvate (2 mmole), and nickel acetate (1 mmole) in 
anhydrous ethanol (50 ml.). It was dried im vacuo over P,O; (Found: pyridoxamine, 58-3; 
Ni, 11-6; N, 10-5. C,,.H,g.N,NiO, requires pyridoxamine, 57-8; N, 11-0; N, 10°5%) (spectro- 
photometric analysis for pyridoxamine was made after total hydrolysis in 0-1M-HCl). The 
magnetic moment was 3-32 B.M. Hydrolysis was rapid in dilute solution, giving Ni! ions, 
pyridoxamine, and pyruvate, the last two identified chromatographically. At pH 6-9 and 25°, 
concentrated solutions deposit the isomeric nickel salt. 

Chromatography.—Pyridoxal, pyridoxamine, and alanine were identified by using the 
following solvents (proportions by volume). (1) The top layer from 1: 1 butan-l-ol-5% acetic 
acid. (2) The top layer from 1: 1 butan-l-ol-5% aqueous ammonia. (3) Propan-l-ol—-water— 
aqueous ammonia hydroxide (d 0-880) (85: 10: 5). Spots were developed as follows: pyridoxal, 
yellow on exposure to ammonia or spraying with 10% ethanolamine solution; pyridoxamine, 
tangerine-coloured with ninhydrin (detected on single application of a 0-0Im-solution); alanine, 
blue-violet with ninhydrin spray. 

Ry values were: pyridoxal 0-48—0-50 and 0-25 for solvents 1 and 2, respectively; pyridox- 
amine 0-12 and 0-44—0-50 (elongated) for solvents 1 and 3, respectively; alanine 0-09 and 
0-18—0-21 for solvents 1 and 3, respectively. 

The solvent used for pyruvic acid 2,4-dinitrophenylhydrazone was butan-l-ol—ethanol— 
0-5M-ammonia (7: 10:2), in which Ry values were: trans 0-58—0-60, cis-0-71—0-73. The 
tvans-isomer gave an intense brown colour on spraying with 20% aqueous sodium hydroxide. 

Kinetic Methods.—Attention to the recorded detail is essential. 

Reaction between pyridoxamine and pyruvate. The reactions were followed by estimating 
pyridoxal as described by Snell and Metzler.1. The optical density (362-5 my, ¢ 6740) of the 
final solution in aqueous ethanolamine (25° by volume) was constant for 1 hr. and unaffected 
by temperature (18—27°), the presence of pyridoxamine (0-002m) or pyruvate (0-001—0-5m), 
or any of the buffers used. 

Buffer solutions containing nitrogen bases were made either by adding the appropriate 
amount of hydrochloric acid to the base or by adding the appropriate amount of carbon dioxide- 
free sodium hydroxide solution to the hydrochloride. 

Pyridoxamine was used as the dihydrochloride. An amount of carbon dioxide-free sodium 
hydroxide solution (calculated from the pK,’s of pyridoxamine) sufficient to bring the 
solution of pyridoxamine dihydrochloride to the same pH as the buffer was, therefore, 
included in each reaction mixture. 

Potassium pyruvate had a negligible effect on the pH of solutions containing 0-1M-buffer 
over the range pH 7—10. At lower buffer concentrations, it was necessary, particularly at high 
pyruvate levels, to adjust the pH to the required value after addition of the potassium pyruvate. 
At the end of each kinetic run the pH of the solution was usually determined with a glass 
micro-electrode. No significant differences between expected and measured values were 
observed. a 

Ionic strength (u) was controlled, where desired, by addition of sodium chloride, and was 
then calculated from the concentrations of pyruvate ion, sodium chloride and ionic forms of 
the buffer and pyridoxamine. 

The following details of a kinetic run with 0-02M-pyridoxamine and 0-30M-pyruvate at pH 
9-00 and 25° are illustrative: a buffer solution (6-25 ml.), obtained by mixing equal volumes of 
solutions of NN-dimethylglycine hydrochloride (0-4m) and sodium hydroxide (0-612Mm), was 
added to potassium pyruvate (0-4769 g.) and made up to 10 ml. with distilled water. A portion 
(8 ml.) was allowed to come to thermal equilibrium in a thermostat bath (25°). The reaction 
was started by adding a 0-1m-solution (2 ml.), at 25°, of pyridoxamine dihydrochloride. Aliquot 
parts (1 ml.) were removed at intervals and run into 1:1 v/v aqueous ethanolamine. The 
solutions were made up to 10 ml. and the optical densities (at 362-5'my) measured with a 
Unicam photoelectric spectrophotometer (1-0 cm. (silica cells), with a 25% ethanolamine 
solution in the control cell. At the end of the experiment the residual solution had pH 8-98 
(glass electrode, standardised at pH 6-86). The results were as follows: 


I ID «- scindepniiadesdaneeeomndcns 5 15 25 35 45 55 
Optical density (0-0) ............ 0-110 0-254 0-397 0-540 0-682 0-820 


The final point represents ca. 6-1% reaction and up to this point the change of optical 
density is linear with time. The initial rate is, therefore, 0-00237 O.D. unit sec."}, 7.¢., 3-51 x 
6 Zz 
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107 mole 1.-t sec.+. For convenience and in order to avoid complications due to imine formation 
between pyridoxal and pyridoxamine the reactions were usually followed for only 5% of the 
total reaction. Rates of formation of pyridoxal rather than rate coefficients were, therefore, 
usually calculated. Runs in which much greater proportions of the reaction were followed 
showed the expected first-order dependence of rate on pyridoxamine concentration (pyridoxal 
in large excess). Chromatography of solutions similar to that detailed above showed the 
presence of pyridoxal and alanine in amounts which increased with reaction time. 

Reaction between pyridoxal and alanine. (a) Estimation of pyruvate (10 to 10™m) in the 
presence of pyridoxal (10m). Addition of 2,4-dinitrophenylhydrazine gave a solution con- 
taining the dinitrophenylhydrazones of pyruvic acid and of pyridoxal and unchanged reagent. 
From strongly acidic solution, chloroform extracts only the pyruvic acid derivative. The 
detailed procedure was as follows: The solution (1-00 ml.) was mixed with the dinitrophenyl- 
hydrazine (2 ml. of a solution containing 50 mg. of recrystallised material, 1-5 ml. of 72% 
perchloric acid and 14-5 ml. of water); water (4 ml.) was added and the solution set aside 
for5min. After crystallisation of the pyridoxal derivative (induced, if necessary, by scratch- 
ing), the solution was left for a further 15 min. and then filtered through a cotton-wool plug. An 
aliquot part (4 ml.) was acidified with 72% perchloric acid (1 ml.) and extracted with chloroform 
(5 ml., then 3 X 1 ml.). The combined chloroform extracts were shaken with borate buffer (5 
ml.; 0-5m; pH 9-2) {which was then washed with chloroform (1 ml.) and centrifuged. The 
optical density at 372-5 mp (1 cm. silica cells) was then measured against a water control 
with a Unicam photoelectric spectrophotometer. By using potassium pyruvate solutions 
0-1m in pyridoxal, pyruvic acid dinitrophenylhydrazone was found to have e 22,200, compared 
with ¢ 22,900 for the pure tvans-derivative (obtained by repeated crystallisation from ethyl 
acetate) added directly to borate buffer of pH 9-2. 

By the above procedure, the yield of pyridoxal dinitrophenylhydrazone is only ca.90%. The 
unchanged pyridoxal does not, however, interfere since it is not extracted by chloroform. If 
the original solution is left for longer than 15 min. some 2,4-dinitrophenol is formed [identified 
chromatographically; butan-l-ol-ethanol-0-5m-NH, (7:1:2); Rp 0-71—0-73], and this 
accompanies the pyruvic acid dinitrophenylhydrazone in the separation. This complication 
can only be avoided by use of freshly prepared dinitrophenylhydrazine reagent and by 
adherence to the above stated times. 

The following details of a kinetic experiment (25°, pH 10-0, alanine 0-20M, pyridoxal 0-01m) 
are illustrative. A solution (5 ml.) 0-40m in alanine and 0-252m in sodium hydroxide was 
allowed to come to temperature equilibrium. The reaction was started by adding a 0-2m- 
solution (5 ml.) of pyridoxal, also at 25°. Aliquot parts (1 ml.) were removed at appropriate 
times and run into the dinitrophenylhydrazine reagent (2 ml.). The results were: 


EE ED. actisiensercainssiies 5 25 45 65 85 105 
Optical density (372-5 mz) ... 0-092 0-218 0-340 0-479 0-598 0-720 


The rate of change of optical density is therefore 0-00632 unit min.!: hence the initial reaction 
rate is 7-5 x 0-00632/(60 x 22,200) = 3-55 x 10° mole (of pyruvate) 1.-! sec.1. The final 
solutions obtained in a similar experiment were acidified and extracted with chloroform. 
Chromatography gave two spots with Ry values identical with those of the isomeric pyruvic 
acid 2,4-dinitrophenylhydrazones. 

(b) Estimation of pyridoxamine. Pyridoxamine was estimated spectrophotometrically 
after removal of pyruvic acid (present in small amounts) and pyridoxal (present in large amounts) 
as their dinitrophenylhydrazones. Extraction with chloroform from acidic solution removed 
the former (and any 2,4-dinitrophenol); further extraction at pH 7 removed the latter. The 
detailed procedure was as follows: The solution (1 ml.) was added to the hydrazine reagent 
(2 ml.), left for 2 hr., filtered, extracted with chloroform (5 ml.; 1 x 1 ml.), and centrifuged. 
An aliquot part (2 ml.) of the aqueous layer (now 0-750 in perchloric acid) was added to a 
solution (2 ml.) 0-667M in disodium hydrogen phosphate and 0-50 in sodium hydroxide, cooled, 
filtered, extracted with chloroform (5 ml.; 2 x 2 ml.), and centrifuged. The optical density 
(327 mu; 1 cm. silica cells) was measured in a Unicam spectrophotometer, with the phosphate 
solution as control. Using known amounts of pyridoxamine dihydrochloride in 0-01M-pyridoxal 
this method gave ¢ at 327 mu = 8260. Itis important to control the pH of the final solution 
within 0-1—0-2 unit, since the spectrum of pyridoxamine varies markedly with small changes 
in pH. The composition of the phosphate solution, given above, has been calculated to 
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neutralise the perchloric acid in the hydrazine reagent and to give pH 7-0. When the pH of 
the test solution differed significantly from this value, the acidity of the hydrazine reagent was 
varied accordingly. Estimation of the pyridoxamine in the experiment described above (under 
estimation of pyruvate) gave: 


IEE, hidictintnadccnrideicireuieccountesa 0 45 90 135 180 
Optical density (327 mys) .................000 0-090 0-438 0-660 0-920 1-130 


The rate of change of optical density is, therefore, 0-0058 unit min.“!: hence the initial reaction 
rate is 0-0058 x 6/(600 x 8260) = 7-02 x 10° mole (of pyridoxamine) 1.1 sec.4. The final 
solutions obtained on chromatography and on examination of the whole spectrum showed the 
presence of pyridoxamine only. 

Kinetic Results—Table 1 gives initial reaction velocities (10’v, in mole 1.~! sec.~!) for the 
reaction between pyridoxamine and pyruvate. [B] and [K] refer to buffer and pyruvate 


TABLE 1. Reaction of 0-02M-pyridoxamine and pyruvate at 25°. 
(4) pH 10-0; » = 0-715; B = NN-dimethylgiycine (0-10m). 


i (a 0-05 0-10 0-15 0-20 0-30 0-40 0-50 O-15* O-15% 
DPW anssc 0-84 1-37 1-55 1-74 2-06 2-15 2-36 1-08 2-04 
(6) pH 9-8; B = CO,?--HCO,- (0-20m). 
Li 0-02 0-04 0-08 0-15 0-20 
BPO stoves 0-20 0-35 0-52 0-79 0-93 
(c) pH 9-0; B = NN-dimethylglycine (0-10m). 
[KX] (mM)... 0-025 0-05 0-10 0-15 0-20 0-30 0-40 0-50 0-:025% 0-025 
enh ee 0-86 1-49 2-32 2-86 3-11 3-51 3°73 4-05 0-614 0-864 
[K] (mM)... 0-025¢ 0-15° 0-15 0-15¢ 0:-40¢ 0-40 0-40° 015% 0-159 01549 
Be kseess 1-31¢ 1-73 ¢ 286° 510° 2-34/ 3-73 5-255 2-32 3-90 7-18 
(2) pH 8-0; B = triethanolamine (0-10m); » = 0-58 
[KX] (m)... 0°10 0-15 0-15¢ O-15° 015% 0-15% 0-15¢." 
IOs ...... 0-97 1-10 1-21 1-02 1-32 1-77# 2-25! 
[K] (Mm)... 0-20 0-30 0-40 0-50 0-50° 0-50° 
en 1-32 1-53 1-69 1-75 1-63 1-91 
(ec) pH 7-0; B = phosphate (0-20m). 
[KX] (mM)... 0-02 0-08 0-16 0-24 0-32 0-158 015° 0-15 
4 So 0-134 0-434 0-85 1-29 1-68 0-56 0-74 0-93 
(f) (i) pH 8-0; B = triethanolamine (0-10m); [K] = 0-15. 
eee 0-23 0-40 0-58 
a ae 1-10 1-17 1-21 
(ii) pH 9-0; B = NN-dimethylglycine (0-10m); [K] = 0-05m. : 
Ot ceniciunae 0-10 0-60 
og ee 1-50 1-53 


* [(B] = 0-20m. ° (B] = 0-05m. * [B) = O-15m. 4p =— 0-23. *np=042. pnp=061. 7 B= 
NN-Dimethylethanolamine. “ B = N-Methyldiethanolamine. ‘* » = 0-30. 


concentrations respectively. The pH values varied among individual runs by not more than 
+-0-04 unit from the stated value. 

Table 2 gives initial reaction velocities (v,,v, = production of pyridoxamine and of pyruvate, 
respectively, in 10°$ mole 1. sec.4), for the reaction between 0-01M-pyridoxal and alanine at 
25° and pH 10, buffered by alanine ([A] = concentration of alanine). 


TABLE 2. Reactions of pyridoxal and alanine at pH 10-0 and 25°. 


[A] 10°v, 10%x, Up/%% [A] 10%v, 10%v, Up/Ue 
0-10 4-05 2-10 1-93 0-60 13-7 7-20 1-90 
0-20 7-01 3-55 1-97 0-80 _ 7-56 — 
0-40 — 5-02 on 


The apparent stoicheiometry of the reaction was determined at a series of times in an 
experiment at pH 10-0 and 25° with 0-01M-pyridoxal and 0-60m-alanine. In the following 
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Table, R is the proportion of total reaction at time ¢ (based on pyridoxamine production), and 
[P] and [K] are the corresponding concentrations of pyridoxamine and pyruvate: 






#(min.) ... 30 90 150 210 270 330 390 450 
Te censdaend 0-022 0-071 0-110 0-148 0-170 0-185 0-216 0-228 








1-83 1-99 1-97 2-20 2-01 2-00 2-02 2-00 





Table 3 shows the effects of added metal cations [M] on the reaction between 0-05M-pyruvate 
and 0-02mM-pyridoxamine. 


































TABLE 3. Effect of added cations. 


pH M 10’v Increase due to M 
10-00 Cul!, 0-016m ca. 200 ca. 100 F 
7:00 Cal!, 0-001m 1-52 nil 

7-00 Mg!!, 0-001m 1-53 nil 


Spectrophotometric Experiments.—The spectra of solutions containing pyridoxamine (ca. 
10%m), potassium pyruvate (0-05—0-40m), suitable buffer (0-05m), and sodium chloride (to 
u 0-50) were measured against control solutions containing all components except pyridoxamine, 
over the range 270—340 my in 0-1 cm. cells at 25° in a Unicam photoelectric SP 500 spectro- 
photometer. Where necessary the pH of each solution was adjusted to the desired value by 
addition of acid or base. The presence of potassium pyruvate reduces the absorption of 
pyridoxamine at 320 my and a new maximum appears at ca. 285 mu. The changes were, 
within the limits of our observation, immediate and the spectra produced were stable for the 
period required for the examination, transamination being minimised by use of relatively dilute 
buffer. At all pH values investigated, sharp isosbestic points were observed (at 298, 294, 
293-5, 292-8, 292 and 292-8 my for pH 6-70, 7-51, 8-03, 8-49, 9-55, and 10-55 respectively), showing 
that the spectral changes are associated with a single equilibrium. 

The apparent equilibrium constant for the reaction: 


Pyridoxamine + Pyruvate == S,; K, = [S,]/[P][K] 


where S, is the product of reaction irrespective of structure and the concentrations are sums 
of all the possible ionic forms for each species, is, under conditions where pyruvate is always 
in large excess, given by the equation: 


] 

De Dy = KEK)" CelPle — SPY + (6y[Plo — elP* 
where [P], is the initial concentration (including all ionic species) of pyridoxamine, ¢, and ¢, are 
the molar extinction coefficients, at some particular wavelength, of pyridoxamine and of S,, 
respectively, D, is the optical density at that wavelength of pyridoxamine alone ([K] = 0), and 
D; is the optical density due to pyridoxamine and S, at a pyruvate concentration [K]. For 
the results at each wavelength a plot of (D, — Dj)! against [K]™ should be a straight line, 
whence K, is found by dividing the intercept by the slope. The results gave good straight lines 
at all wavelengths for each pH studied, indicating that the formation of S,, consistently with 
the above formulation, involves equimolar amounts of reactants. 

The spectra obtained in a typical experiment are shown in Fig. 1. Table 4 gives the values 
of K, (l. mole) obtained at a series of wavelengths. 


TABLE 4. Equilibrium constant for formation of S, from pyridoxamine and pyruvate 
at pH 8-49. 


A(mp) ... 270 272-5 275 277-5 280 282-5 285 287-5 290 297-5 300 302-5 305 
Mie exaecvees 6-3 6-1 6-2 6-0 6-5 6-2 6-6 6-3 6-1 6-6 6-6 6-3 6-5 
A(mp) ... 307-5 310 312-5 315 317-5 320 322-5 325 327-5 330 332-5 335 

IG 20cencees 6-4 6-6 6-6 6-6 6-6 6-4 6-5 6-2 6-1 6-2 6-5 6-6 


The precision with which K, is found increases as (Dy — Dj) increases. In finding the mean 
value of K, for each set of results the values at individual wavelengths have, therefore, been 
weighted approximately in proportion to the value of (D,y — Dj) observed at the wavelength. 
The weighted mean values of K, so obtained at a series of pH values are given in Table 5. 
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TABLE 5. Variation of K, with pH. 


BEE. -ensercesecsccncsnsnisnes 6-701 7-511 8-03 2 8-49 3 9-55 4 10-55 4 
TRG kuknwbineaeiscineeeress 1-15 2-20 4-94 6-40 9-1 8-9 


Buffers: 1 Phosphate. * Triethanolamine. * N-Methyldiethanolamine. ‘* NN-Dimethylglycine. 


For each set of results, values of ¢, at each wavelength can be calculated for each pyruvate 
concentration from the equation 


ec, = [P,J-?-{Di + (D; — D,)/KIK]. . ... =. . (2) 


Good agreement among the values for various pyruvate concentrations was obtained, the 
maximum difference between individual values being usually less than 5%. The spectra of 
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Fics. 2 and 3. Spectra of the intermediate S, at the pH’s marked on the curves. 


S, obtained in this way are shown in Figs. 2 and 3 (over the ranges pH 6-7—8-5 and 8-5—10-5 
respectively). 


DISCUSSION 


We have found that, in the range pH 6-7—10-5, pyridoxamine and pyruvate * react to 
form a new substance (S,). The reaction, which is conveniently observed spectroscopically, 
is fast and reversible and involves equimolar amounts of reactants. Subsequent formation 
of pyridoxal and alanine (?.e., transamination) is relatively slow and by appropriate choice 
of conditions the formation of S, can be studied without complication. 

Under our conditions pyridoxamine exists in three dissociation states (PH, P-, PH,*; 
pK,,2 and pK,,3 = 8-08 and 10-33 respectively). If we suppose that S, likewise exists 


* Under all conditions studied by us, pyruvic acid is fully dissociated. The word pyruvate is used, 
therefore, to mean the conjugate base of pyruvic acid, i.e., Ac*CO,-. 
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in three states and that the carboxyl group derived from pyruvate is fully ionised, the 
equilibria may be formulated as: 


Ka, s K’a,s 


| _F 


PH + AccCO,” sqeaee S.~ 


! —_ 


Ka, 2 K's, 3 


.. 

















PH,* 
K’, should be independent of pH (except below the pH where protonation of the pyruvate 
carboxyl may be important) and is related to K, by the expression: 


K’,3 , (H*] 
+ Pt es 


_— _ K’{*). 
a or > ie (3) (3) 
(H*} Kae 


K, is virtually independent of pH over the range ca. 9-0—10-5 (Table 5). In this region, 
however, pyridoxamine loses a proton (PH—»P~; pK,.3 = 10-33). Inspection of 
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x” 0-4} Fic. 4. Plot of log K, against pH (pK’,,, = 6-9). 
z P x Experimental values. 
O-2+ 
OoF / 
JS 
= 1 \ 1 a 
$3 65 75 85 95 05 


pH 


equation (3) shows that these two facts are consistent only if K’,,.3 = Ka,3. It remains to 
discover the value of K’, 2. This must differ from K,,2 since K, decreases considerably 
below pH 9-0. Manipulation of equation (3) gives: 


d log K,/d pH = d log (a/8)/d pH. (4) 


Since K’, 2 is the only unknown in («/§), trial substitution until the curve of log K, against 
PH fits the curve log («/8) against pH gives the required value. Fig. 4 shows the theoretical 
curve, constructed in this way, of log K, against pH for pK’,.2 = 6-9. The fit with the 
experimental points is good. It is considered that the value given is correct within 
-+0-1 pK unit. 

The following facts are consistent with the formulation of S,~ as (II) (R = Me, carboxyl 
ionised); (a) its formation is rapid and reversible; (5) it is derived from equimolar amounts 
of reactants; and (c) at each pH progressive addition of pyruvate gives spectra showing a 
sharp isosbestic point. Convincing evidence that Schiff’s bases are formed between 
pyridoxal and amino-acids comes from Metzler’s work. Consistently, in the present work, 
potassium «-4-pyridoxylideneaminopropionate has been prepared from ethanolic solutions 
of pyridoxal and the potassium salt of alanine. A similar experiment, starting with 
pyridoxamine and potassium pyruvate, gave only starting materials, pyridoxal and 
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alanine. However, immediate addition of nickel ions gave a complex, which from its 
analysis and properties, appears to be nickel di-(«-4-pyridoxyliminopropionate) [i.e., 
Ni(S,)2]. Under certain conditions this complex isomerises to nickel di-(«-4-pyridoxylidene- 
aminopropionate), which was independently prepared from an ethanolic solution con- 
taining pyridoxal, the potassium salt of alanine, and nickel ions.* These observations 
also support the view that the product from pyridoxamine and pyruvate is a Schiff’s base. 

The spectrum of pyridoxamine changes considerably with pH. Lunn and Morton !° 
reported that the changes are not associated with a sharp isosbestic point. We have 
confirmed this. At pH 9-55, Amax, = 310 my (¢ 6850). As the pH decreases, Amax shifts 
to longer wavelengths (326 my at pH 6-75). The extinction coefficient at first decreases 
and then increases (6250, 6720, 7130, and 7710 at pH 8-49, 8-03, 7-51, and 6-75, respectively). 
There is no isosbestic point. This phenomenon presumably arises because of equilibria 
between zwitterion and non-zwitterion forms of the formally neutral (PH) and of the 
protonated (PH,*) pyridoxamine species. The spectra of the condensation product 
(S,) also show no single isosbestic point. This is clearly shown for pH 8-5—10-5 in Fig. 3.7 
It may be supposed that the explanation is similar to that applied to pyridoxamine. 

Based on the discussions given by Metzler and Snell," by Metzler, and by Lunn and 
Morton,!° the following are arguments for assigning the structures annexed to the various 
forms (existing in the range pH 6-7—10-5) of pyridoxamine (III)—(V) and of the con- 
densation product (VI)—(VIII). 

(a) Progressive addition of ethanol to an aqueous solution of pyridoxamine at pH 
ca. 9-0 shifts the absorption peak at 305 my to shorter wavelength. In absolute ethanol, 
absorption occurs at 284 my (e 4800): there is no sharp isosbestic point. Comparison 
with results for pyridoxine and related compounds ™ leads to the view that absorption 
at 284 my is associated with the uncharged neutral pyridoxamine molecule, and that the shift 
to longer wavelengths in the more polar solvent is due to a zwitterion species. Structure 
(III) is preferred to the alternative form (involving protonation of the ring-nitrogen atom) 
since the latter would be expected to absorb at ca. 325 my. Loss of a proton leads to 
structure (IV) unequivocally. Addition of a proton (pH 8-5—7-5) shifts the absorption 
to longer wavelength (Amax, 325 my); this, by analogy, is characteristic of protonation of 
the ring-nitrogen atom: hence, PH,* has the structure (V). 





CH,:NH;* CH,-NH,* CH,-NH, 
HO-HaCy ~-o- a8 HOHC( Ny-07  _PKas 10:33 HO-H.Cf ~*-0- 
+7/Me Z7Me a zMe 
(Vv) fy au) N (IV) 
CH,-N=CMe-COy CH2-N=CMe-COy CH,:N=CMe:CO} 
“H eae 4 . 
HOC, Oo” acer HO-HaCh 07 Mae 03 HO-HaCy So 
+7Me Z7Me 7Me 
N N N 
(vin) 4 (VI) (VII) 


(5) In alkaline solution, structure (VII) must represent the species S,?-. The strong 
absorption at 310 my (Fig. 3) is characteristic of such structures. Below pH 10 addition 


* The structure of these complexes is, at present, unknown. It appears from the discussion of 
Ni! complexes given by Gill and Nyholm ® that the magnetic results available do not permit unambiguous 
choice between a tetrahedral and an octahedral structure to be made. This aspect is being investigated. 

+ Since the spectrum change on addition of pyruvate to pyridoxamine is so small in the more acid 
region, the divergence from an isosbestic point in the range pH 6-7—8-5 (Fig. 2) may be due to experi- 
mental error. However, the point remains: over the whole region there is no single isosbestic point. 

® Gill and Nyholm, J., 1959, 3997. 
10 Lunn and Morton, Analyst, 1952, '77, 718. 
11 Metzler and Snell, J. Amer. Chem. Soc., 1955, 77, 2432. 
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of a proton occurs and the main absorption shifts to 284 mu. This indicates that S.~ may 
be represented by formula (VI). This structure, which is presumably in equilibrium with 
its zwitterion isomer (some absorption at 325 my being still present), is similar to that 
proposed by Metzler ® for the imine (IX; R = Pr’) formed from pyridoxal and valine. 
Hydrogen-bonding between the phenolic group and the imine-nitrogen atom decreases 
the acidity of the former in both cases [pK,,3 = 10-3; cf. 10-5 for (IX) and 8-2 for the 
phenolic group of the neutral, non-zwitterion form of 3- 
hydroxypyridine “]. At pH’s between 6-5 and 7-5 the addition 
ne ‘Sy 07 of a proton (giving S,H) is accompanied by an increase in 
Me (IX) absorption at 325 my. Structure (VIII) is, therefore, indicated 
ne for S,H. The pyridine-nitrogen atom is more basic in com- 
pound (VI) than in the homologue (IX) (pK 6-9 and 5-9,° respectively). This is not un- 
reasonable, since in the latter the ring-nitrogen atom is part of a more extended conjugated 
system. 

The structures suggested are, in some measure, tentative and, in any case, represent 
only the predominant forms under particular conditions. They provide, however, a 
reasonable interpretation of the spectra and of the dissociation constants. 

Solutions of pyridoxamine and pyruvate at 25° slowly produce pyridoxal and alanine. 
Both products have been identified chromatographically. A kinetic study, based on 
analysis of pyridoxal, has been made. The initial rate of production of pyridoxal (v) is 
not appreciably affected by changes in ionic strength (sodium chloride), but depends 
markedly, at fixed substrate concentrations, on pH and on the nature and concentration 
of the buffer. At pH >8-0, under particular conditions of pH and buffer concentration, 
the reaction is of the first order with respect to pyruvate at low concentrations, and tends 
to zero-order at high concentrations (see Fig. 5 for the results at pH 9-0). This behaviour, 
which is analogous to that shown by simple enzyme systems, indicates that reaction 
involves an intermediate. If we assume, for the moment, that the intermediate is S,, 
then the reaction scheme becomes: 


CH= N: CHR: CO, 


ky 
Pyridoxamine + Pyruvate == S, — > Products 


and the appropriate rate equation (in terms of initial reaction rate), is 


a ae ee (5) 
v (K]y \K-Re(P], ' ef * RlPl, . 


where K, is as previously defined (7.e., in concentration terms which include all the ionic 
states of S, and P), k, is the first-order rate coefficient for the process by which S, passes 
into products,* and [P], and [K], are the initial concentrations of substrates. 

Equation (5) requires that a reciprocal plot of v against [K], (for fixed [P],) should be a 
straight line; whence K, is given by 


Ke = {(S/1) — [P]o}", (6) 


where S and J are the slope and intercept respectively. Each set of results, plotted in this 
way, gave a good straight line. At pH 9-0 (0-10M-NN-dimethylglycine buffer), the results 
(Fig. 5) led to the values K, = 9-8 (cf. 9-0 for the interpolated spectroscopic value), 
k, = 2°56 x 10% sec.*. 

The value of v for fixed substrate concentrations depends, as stated above, on the 
nature and concentration of the buffer used. Analysis, by equations (5) and (6), of results 
obtained at the same pH but with different buffer concentrations gives the same value of 
K, but different values of k,. Hence, as might have been expected, the buffer influences 


* IfS, reacts in all its ionic states, then 2, is, for fixed conditions, the sum of the individual coefficients. 
The scheme does not imply that S, passes directly into products but only that the rate-determining step 
involves S,. 











amet ee me 








Ly 
th 
at 


eS 
1e 


5. 


in 


1ic 
eS 


his 
Its 


he 
Its 


[eS 


its. 
tep 











(1961) Transamination. Part II. 4245 


the rate of reaction of S, and not its equilibrium concentration.* Let us assume that k, 
may be expressed in the form: 


k, = (ko° + h,'[B)), (7) 


where k,° is the rate coefficient for reaction of S, in the absence of buffer and ,’ is the 
catalytic constant for the particular buffer of concentration [B]. Since v = k,{[S,], we 
have, at fixed substrate concentrations: 


v oc (k,° + h,’[B]). (8) 


The results obtained at pH 9 conform with this equation (Fig. 6). The value of v increases 

linearly with [B]} for each pyruvate concentration. With two different buffers (NN-di- 

methylglycine and NN-dimethylethanolamine), the lines intersect the axis at the same 
Fic. 6. Buffer catalysis in the re- 


action between pyridoxamine and 
pyruvate (K) at pH 9-0. 

















Fic. 5. Kinetics of the reaction between pyridoxamine and 
pyruvate (K) at pH 9-0. 
12+ pa +o 
tOF5:0 ie 
al 50 
0-8 -4:0.> j 
fe) Pal 
sa 7 > 
O O6+3°0 i fe) 
— 
0-4 207” rage 30 
i 
0-2 ¥ a [k], 
Oo! O02 0304 05 06 O7 
1 re 1 4 1 4 4 1 LO 
5 10 iS 20 285 ND 35 40 
i/ K 1 1 
IK]. O1 O2 
v/[K]p. [B] 
| . ‘ A, NN-Dimethylethanolamine and 
v/ [KJ [K], 0-15M. 


B—D, NN-Dimethylglycine and [K], 
(B) 0-40m, (C) 0-15m, (D) 0-025m. 


point; hence k,° is independent of the buffer used. Elimination of k, between equations 
(7) and (5) gives: 


(Up/v) x, = *y°/ (2° + 'e'[B]), (9) 


where v and vp, are the velocities at buffer concentration [B] and zero, respectively, and 
refer to a pyruvate concentration [K]). At a fixed value of [B], the velocity ratio (of 
equation 9) was found to be independent of [K], at each pH studied, hence k,° is indepen- 
dent of [K],. For example, at pH 9-0 and [B] = 0-10M, the following values were 
obtained: 


Oe een eat ee ee ee 0-23 0-22 0-23 
c) 15 0-40 


By the use of equations 5—9 the kinetic results for each pH were analysed; the 
collected results are given in Table 6. At pH 6-85 the analysis is insensitive, since the 


* To avoid complications from imine-forming reactions, none of the buffers used contained primary 
amino-groups. 
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reciprocal plot : / Ki passes close to the origin (?.e., the reaction is nearly of the first order 
0 

in pyruvate over the whole range of pyruvate concentration). The values given for K 

and k,° at this pH are, therefore, approximate only. 


TABLE 6. Kinetic parameters for reaction of pyridoxamine and pyruvate at 25°. 


10°k, 10*k,’ 
pH Buffer xK,* (sec.~*) (1. mole sec.~*) 
6-85 Phosphate ~1-0 (1-15) >1-0 —- 
8-0 Triethanolamine 8-2 (4-9) 0-95 0-18 
9-0 N,N-dimethylglycine 9-8 (8-3) 0-95 1-98 
9-8 Carbonate-bicarbonate 9-9 (9-1) -—- — 
10-0 N,N-dimethylglycine 8-9 (9-0) 0-59 0-92 


* Values in parentheses are interpolated from the spectroscopic results. 


The values of K, in Table 6 are in good agreement, considering the possible sources 
of error, with the more accurate spectroscopic values. They support the view that the 
rapidly formed intermediate which is observed spectroscopically (S,; «-4-pyridoxylimino- 
propionate) is also involved in the reaction which produces pyridoxal. 

Kinetic results obtained at pH 10-0 on the reverse process (i.e., formation of pyridox- 
amine and pyruvate from pyridoxal and alanine) indicated that this reaction also involves 
an intermediate (K, = 1-98, 1-87 by analysis of pyruvate and pyridoxamine, respectively). 
By analogy and consistently with Metzler’s spectroscopic studies,® this intermediate is 
isomeric with S, (?.¢., it is «-4-pyridoxylideneaminopropionic acid, S,). The rate-deter- 
mining step for the overall reaction is then, on this view, the prototropic rearrangement 
S, == 5,. The mechanism of this rearrangement has not been established but the 
following points are important: (a) The rearrangement is general-acid catalysed. This 
follows since, whereas k,® does not change in the pH range 10-0—9-0, k,’ (with NN-di- 
methylglycine as buffer) increases in approximately the same proportion as the conjugate 
acid of the buffer (2-2, 2-5, respectively). (b) In the absence of buffer the rate (k,°) increases 
somewhat below pH 9. This indicates that the species (VIII) may isomerise (perhaps by 
initial proton transfer from the ring-nitrogen to the ethylenic carbon) more easily than 
the species (VI) and (VII). 

A few experiments were carried out in the presence of added metal cations. At pH 
7-0, Mg™ and Ca™ (0-001m) had no effect on the initial rate. However, Cu! (0-016; at 
pH 10-0) had a powerful catalytic effect. A priori, catalytic effects of metal cations could 
arise in two ways: the concentrations of the intermediates (S, and S,) could be effectively 
increased by complex formation and/or isomerisation in the complexes could be easier than 
in the intermediates themselves. In the experiment with added Cu" the second possibility 
appears to operate since the conditions were such that the formation of S, was ca. 85%, 
complete in the absence of the added cation. ' This aspect is being further investigated. 

The reactions discussed above are not the only ones which occur in this system. It was 
found that at pH 10-0 the reaction of pyridoxal and alanine produces pyridoxamine and 
pyruvate in the molar ratio 2:1, and not in equimolar amounts as required by equation 
(2): the reason is unknown. The spectroscopic results show that the reversible formation 
of S, undoubtedly involves equimolar amounts of substrate. Metzler’s work,§ and the fact 
that the kinetic value of K, is the same irrespective of whether the reaction is followed by 
production of pyridoxamine of pyruvate, show that the same is true of S,. Presumably, 
therefore, the isomerisation S, —» S, is accompanied by another reaction which ultimately 
leads to pyridoxamine but not to pyruvic acid. Snell and his co-workers ! have indeed 
shown that other reactions (e.g., decarboxylation) occur in addition to transamination 
when mixtures of pyridoxal and amino-acids are heated. However, side reactions of this 
kind do not appear to explain the integral relation between the amounts of pyridoxamine 
and pyruvate actually found. Whether the isomerisation S, —» S, is also accompanied 
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by another reaction is at present unknown. Both the expected products have been 
identified chromatographically, but because of the difficulty of determining small amounts 
of alanine in the presence of the other components, the molar ratio in which they are formed 
has not been established.* 

The relevance of the above result to the problem of enzymic transamination is clear. 
If, as required by the Braunstein-Snell hypothesis, the overall reaction involves stepwise 
transamination of pyridoxal and pyridoxamine, the primary function of the protein must 
be to catalyse the prototropic rearrangement of the imine intermediates. 


Thanks are offered to the Rockefeller Foundation and the Nuffield Foundation for grants 
(to A. A.D. and B. E.C.B., respectively), also to Professor R. S. Nyholm, F.R.S., for his 
interest and for discussion, and to Drs. E. M. Thain and K. G. Oldham for discussion. 


WILLIAM RAMSAY AND RALPH FoRSTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER STREET, 
Lonpon, W.C.1. [Received, December 14th, 1960.} 


* The overall stoicheiometry cannot be determined by allowing the reactions to proceed to high 
conversion because, under these conditions, complications arise from condensation of pyridoxal and 
pyridoxamine. The condensation product (presumably an imine) readily undergoes aerial oxidation 
at pH 11-0 to produce, apparently, 2 mol. of pyridoxal. 





NOTES. 


826. Constituents of the Leaves of Thujopsis dolabrata. 
By R. HopcEs. 


THE heartwood and the leaf oil of Thujopsis dolabrata have been the subjects of many 
investigations. It was thought that extraction of the leaves might yield different 
products and, indeed, none of the substances isolated from them has been previously 
reported as occurring in this tree. 

A light petroleum extract of the dried leaves was separated by repeated chrom- 
atography on alumina. The hydrocarbon fraction consisted of saturated straight-chain 
hydrocarbons (0-05%) and a mixture of sesqui- and di-terpenes (0-18%) which have not 
been further investigated. 

Hydrolysis of the ester fraction yielded 6-sitosterol (0-06%%) together with nonacosan- 
10-ol (ginnol) (0-05), a substance previously reported 1 in at least five varieties of gymno- 
sperms. In addition, the corresponding ketone, ginnone (0-01%), was obtained. 

From the more polar fractions the following substances were isolated: ginnol (0-04%), 
totarol (0-3%), and an inseparable mixture (A) (0-06%), m. p. 180—209°. This mixture 
gave analytical results agreeing with C,,H,,0, and formed a diacetate, C,,H,,0,. It was 





stable to hot 5% alcoholic sodium hydroxide, but when treated with acid it yielded an oil, 
having ultraviolet absorption at 267 mu, ¢ = 9800 (in methanol). Methylation of this 
oil gave the methyl ether (I) as a crystalline solid (Amax, 266 my; e¢ 9900 in hexane). 
Hydrogenation of the ether (I) produced totarol methyl ether. Thus material A appears 


1 See Karrer, ‘“‘ Konstitution und Vorkommen der organischen Pflanzenstoffe,” Birkhauser, A.-G., 
Basle, 1958, and references therein. 
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to be a 7-hydroxy-derivative (II) of totarol * and, in view of the high overall yield during 
its conversion into totarol methyl ether, is most probably a mixture of the 7«- and 78- 
epimeric alcohols. This was confirmed by its oxidation to the corresponding ketone (III) 
as the sole product, identical with a specimen prepared by oxidation of totarol acetate 
followed by subsequent hydrolysis. The low extinction coefficient (Amax, 260 my, ¢ 6400 in 
methanol) of this ketone is consistent with the placing of the isopropyl group in totarol at 
Cq,* and its infrared absorption spectrum which shows no intramolecular hydrogen 
bonding in dilute solution confirms that the phenolic hydroxyl group is not at this position. 

It has been stated ? that di- and tri-terpenes do not appear to have been found together 
in Nature. This may generally be true, but the co-occurrence in T. dolabrata of totarol 
and @-sitosterol, which must be biogenetically derived from a triterpene precursor, would 
indicate that true triterpenes and diterpenes may well be found together. 


Experimental.—Rotations were measured in chloroform at room temperature. M. p.s were 
determined on a Kofler block and are corrected. Light petroleum refers to the fraction with 
b. p. 60—80°. The alumina used for chromatography had activity IT. 

Extraction of Thujopsis dolabrata. The leaves and terminal branches of T. dolabrata 
(collected in Scotland in the autumn) were dried for 12 hr. at 40°, ground, and extracted with 
light petroleum in a Soxhlet apparatus. The extracts (from 6 kg. of dry material) were washed 
with sodium hydroxide, adsorbed from light petroleum on alumina, and eluted in the following 
sequence. 

(a) Light petroleum gave a fraction which yielded a mixture of straight-chain hydrocarbons 
(2-4 g.), m. p. 55—70°, from chloroform. The liquid mother liquors (10-9 g.) appeared to be a 
mixture of unsaturated sesqui- and di-terpene hydrocarbons. 

(b) The fraction obtained with benzene, after hydrolysis with methanolic sodium hydroxide 
and further chromatography, yielded ginnone (520 mg.), ginnol (2-3 g.), and 8-sitosterol (2-6 g.), 
all identified by comparison with authentic specimens. 

(c) Benzene-ether (19:1) eluted material which, on repeated crystallisation from light 
petroleum, gave ginnol (2-1 g.). 

(ad) Elution with benzene-ether (4: 1) and crystallisation of the eluate from light petroleum 
gave totarol (18-4 g.), m. p. 131—132°, [a],, +42° (c 0-8). 

(e) Crystallisation of the ether-eluate from light petroleum-—chloroform gave material A as 
prisms (3-4 g.), m. p. 180—209°, [a],, +10° (c 1-0), unaltered by further chromatography on 
alumina or silica gel or by recrystallisation (Found: C, 79-25; H, 9-95. Calc. for Cy9H3,0,: 
C, 79-4; H, 10-0%). Material A (68 mg.) gave a diacetate when warmed with pyridine (1 ml.) 
and acetic anhydride (0-2 ml.) for 30 min. This crystallised from methanol as needles (49 mg.), 
m. p. 162—171° (Found: C, 74-3; H, 8-75. Calc. for C,4H;,0,: C, 74:55; H, 8-9%). 

Dehydration of material A. Material A (430 mg.) in benzene (10 ml.) was heated under 
reflux with naphthalene-2-sulphonic acid (200 mg.) in water (5 ml.) for 2 hr. The product was 
adsorbed from benzene on alumina and eluted with benzene-ether (4:1). The oily eluate 
(400 mg.) in t-butyl alcohol (2 ml.) was heated under reflux with sodium hydroxide (1 g.), 
dimethyl sulphate (1 g.), and water (10 ml.) for 2 hr. The product in light petroleum was 
filtered through alumina and crystallised from methanol-—chloroform, forming prisms of 14-iso- 
propyl-13-methoxypodocarp-6-ene (I) * (355 mg.), m. p. 74—76°, [a],, —133° (c 0-9) (Found: 
C, 84:55; H, 10-2. C,,H,,0 requires C, 84-5; H, 10-15%). 

Totarol methyl ether. The isopropylmethoxypodacarpene (95 mg.) in ethyl acetate (10 ml.) 
was hydrogenated with use of 10% palladium on charcoal catalyst. Crystallisation from 
ethanol gave totarol methyl ether (81 mg.), m. p. 92-5—93°, [a],, +42° (c 0-8). 

14-Isopropyl-13-hydroxypodocarpan-7-one (III).* Material A (108 mg.) in acetone (5 ml.) 
was oxidised with chromic acid-sulphuric acid. The product was adsorbed from benzene on 
alumina, eluted with benzene-ether (2 : 3) and crystallised from light petroleum, forming prisms 
of ‘‘ 7-oxototarol ”’ (III) (78 mg.), m. p. 240—241°, [a],, +16° (c 0-9) (Found: C, 79-9; H, 9-2. 
CypH2.0, requires C, 79-95; H, 9-4%). 

Oxidation of totarol acetate. Totarol acetate (1-0 g.), chromium trioxide (450 mg.), and 





* Steroid numbering. 
2 Cocker, Halsall, and Bowers, /J., 1956, 4259. 
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acetic acid (15 ml.) were heated at 70—80° for 10 min. The product was hydrolysed with 
methanolic sodium hydroxide and separated by chromatography on alumina, giving totarol 
(460 mg.) and its 7-oxo-derivative (370 mg.), identical with the sample prepared above. 


The author thanks Professor R. A. Raphael for his interest, Mr. J. M. Cameron for micro- 
analyses, and the Forestry Commission (Scotland) for assistance with the collection of leaves. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF GLASGOW. [Received, December 5th, 1960.) 





827. The 2:1 Addition Compound of Pyridine with Silicon 
Tetranitrate, and Related Compounds. 
By I. R. Beattie and G. J. LEIGH. 


EABORN ! has suggested that there is no evidence that co-ordination to silicon occurs in 
silane derivatives other than halides. If it is assumed that it is the electronegativity of 
the halogens which favours complex formation, either by decreasing the electron density 
at the silicon atom or by rendering the 3d-orbitals less diffuse, then it is not obvious why 
other highly electronegative groups,” such as nitrate or perchlorate, should not similarly 
promote complex formation. 

A reasonably stable addition compound of silicon tetraperchlorate with acetonitrile 
has been prepared by Schmeisser,? who found that the free tetraperchlorate was unstable; 
and the corresponding tetrafluorosulphate complex is also known.* Reactions of triethyl- 
silyl halides with silver nitrate and silver nitrite at 60° produced hexaethyldisiloxane 
together with oxides of nitrogen,® but recently the preparation of unstable liquids claimed 
to be trimethylsilyl nitrate and dimethylsilyl dinitrate has been described,® though the 
results were not supported by analytical evidence. Further, reaction of alcoholic silver 
nitrate with tris(trimethylsilylmethyl)silyl chloride yielded an immediate quantitative 
precipitate of silver chloride’ but no further product was mentioned; and treatment of 
silicon tetrachloride with silver nitrite, sodium nitrite, pentyl nitrite, or dinitrogen tetroxide 
did not yield a tetranitrite.® 

Reaction of silver nitrite and silver nitrate with trimethylsilyl chloride and triphenyl- 
silyl chloride under a variety of experimental conditions has now been examined. The 
only clearly identifiable products were the disiloxane, together with nitrosyl chloride and 
oxides of nitrogen in variable amounts, even from reactions carried out at —80°. Although 
it is probable that the initial reaction produces a nitrite or nitrate, these compounds are so 
unstable that decomposition yielding oxides of nitrogen readily occurs. It seemed that 
this approach was unlikely to be productive. 

Addition compounds of silicon tetrahalides and tertiary amines are usually insoluble 
in organic solvents.® It seemed reasonable to assume that an addition compound of 
silicon tetranitrate, tetranitrite, or tetraperchlorate with pyridirie would be also insoluble. 
Complex formation thus represented a useful way of isolating these compounds from a 
reaction mixture with the additional possibility of increased stability. At —40°, the 
reaction of silver nitrate in acetonitrile with silicon tetrachloride in ether yielded a 
precipitate of silver chloride. The supernatant liquid slowly evolved oxides of nitrogen, 
but if treated rapidly with cold pyridine gave a white precipitate Which had an analysis 
Eaborn, J., 1955, 2047. 

Clifford, J. Chem. Phys., 1959, 63, 1227. 

Schmeisser, Angew. Chem., 1955, 67, 493. 

Hayek, Czaloun, and Kriemer, Monatsh., 1956, 87, 741. 

Eaborn, J., 1950, 3077. 

Schmidt and Schmidbaur, Angew. Chem., 1959, 71, 220. 

Sommer, Murch, and Mitch, J. Amer. Chem. Soc., 1954, '76, 1619. 

Goyal, Saksena, and Saksena, Agra Univ. J. Res. (Sci.), 1957, 6, 23. 

See, e.g., Wannagat, Schwarz, Voss, and Knauf, Z. anorg. Chem., 1954, 277, 73. 


cnmxrnroauer®# err 














Notes. 





4250 





corresponding to that of the compound Si(NO,),,2C;H;N. The analogous reactions with 
silver nitrite and silver perchlorate also yielded products which produced precipitates on 
the addition of pyridine, but these were too unstable for reliable analytical figures to be 
obtained. 

The infrared spectrum of the 2:1 addition compound of pyridine with silicon tetra- 
nitrate may be compared with that of the analogous compound of pyridine with silicon 
tetrachloride. This suggested that bands at ~1600 and ~1280 cm. may be associated 
with the nitrate group. 


E-xperimental.—Reagents were purified and dried by standard procedures. 

Infrared spectra were obtained from mulls in Nujol and hexachlorobutadiene. 

Preparation of the addition compound. Silver nitrate (4-0 g.) in acetonitrile (~20 ml.) at 
— 40° was mixed with silicon tetrachloride (0-67 ml.) in ether (~20 ml.), also at — 40°, and the 
whole was immediately cooled in liquid nitrogen and allowed to warm slowly until the silver 
chloride precipitate could be removed by use of a refrigerated centrifuge. A solution of 
pyridine (1-0 ml.) in ether (~20 ml.), cooled to — 40°, was added to the above solution and the 
mixture allowed to warm to —30°. The precipitate, which carried down trace amounts of 
silver chloride, was rejected and, on cooling, a crystalline adduct appeared which was removed 
in a centrifuge, dried, and analysed (yield, 0-42 g., 16%) (Found: C, 27-3; H, 3-0; N, 18-0; 
Si, 6-5. CypHy9N,O,.Si requires C, 27-7; H, 2-3; N, 19-3; Si, 6-7%). The bulk of the product 
was discarded and is not included in the yield. The compound slowly evolved oxides of 
nitrogen at room temperature, which no doubt accounts for the low nitrogen figure. The 
infrared spectrum (D.M.S. Index, A 135) showed the following bands: 3106w, 3030w, 2833w, 
16l6sh, 1605s, 1580s, 1490w, 1449m, 1282vs, 1220w, 1156m, 1075m, 1056w, 1020w, 906vs, 
885sh, 871m, 820s, 777w, 750s, 732w, 690vs cm."}. 

One of us (G. J. L.) thanks the D.S.I.R. for a maintenance grant for part of the time during 
which this work was carried out. 

(I. R. B.) Kine’s CoLttEGE Lonpon, StrRanp, W.C.2. 

(G. J. L.) Facutty or TECHNOLOGY, 

UNIVERSITY OF MANCHESTER. Received, January 6th, 1961.) 


10 Hulme, Leigh, and Beattie, /., 1960, 366. 





828. The Co-ordinative Power of Uranyl. Part IV. The Heats 
of Solvation of the Bis(dibenzoylmethanato)uranyl Complex. 


By L. Sacconi and P. PAOLETTI. 


PREVIOUS investigations have shown that uranyl complexes with §-diketones form 
solvates with water, ammonia, pyridine, and other donor molecules so that uranium tends 
to display a co-ordination number higher than six.? For the solid adducts it has not 
been ascertained if all the extra molecules are co-ordinated directly to uranium or whether 
they are held, at least in part, by lattice forces. 

Information on the strength, and consequently on the type, of bond may be obtained 
by calorimetric measurements. For this purpose Wendlandt e¢ al. determined heats of 
solvation of a bis(acetylacetonato)uranyl complex with various solvate molecules. Calori- 
metric measurement of heats of formation of certain solvates of the bis(dibenzoyl- 
methanato)uranyl complex are now reported. 

Bis-(8-diketonato)uranyl complexes, whether anhydrous or solvated, dissolve easily 
in pyridine to intensely orange solutions. The solution obtained by dissolving the solvated 
complex in pyridine has a spectrum equal to that of a mixture of a solution of the anhydrous 
Part III, Sacconi, Caroti, and Paoletti, J., 1958, 4257. 


1 
* Sacconi and Giannoni, J., 1954, 2368, 2751; Comyns, Gatehouse, and Wait, J., 1958, 4655. 
3 Wendlandt, Bear, and Horton, J. Phys. Chem., 1960, 64, 1289. 





































Notes. 


TABLE 1. Experimental heats of solution and other thermochemical data. 
) 


No. Process (kcal.) 
l UO,(dimet), (c) + 1760C,H,N (1) 6-79 
: 2 UO, (dimet),,H,O (c) + 1760C,H,N (1) 3-24 
3 UO,(dimet),,2°5H,O (c) + 1760C,H,N (I) 1-74 
' 4 UO,(dimet),,C,H,N (c) + 1759C,H,N (1) —4-08 
5 UO,(dimet),,NH, (c) + 95H,O,1760C,H,N (S) —3-99 
6 H,O (1) + UO,(dimet),,1760C,H,N (S) 0-41 
7 2-5H,0 (1) + UO,(dimet),,1760C,H,N (S) 1-03 « 
8 NH,,95H,0 (S) + UO,(dimet),,1760C,H,N (S) 49-99 
9 95H,0 (1) + 1760C,H,N (1) 53°71 
10 UO, (ac etac), (c) + 1760C;H,N (1) 4:05 
t ll UO,(acetac),H,0 (c) + 1760C,H,N (1) 0-82 
. 12 H,O (l) + UO, (acetac),,1760C,H,N (S) 0-42 
13 NH, (g) + 95H,0 (1) 8-26 & 
r 14 H,0 (I) = H,0 (g) ~ 10-52 ° 
f 15 C,H,N (1) = CsH,N (g) —9-66 ° 
C (S) = solution. * Taken as 2-5 (Q, No. 6). ‘Selected Values of Chemical Thermodynamic 
f Properties,” Nat. Bur. Standards, Circular 500, 1952. * Andon, Cox, Herington, and Martin, Trans. 
1 Faraday Soc., 1957, 58, 1074. 
t TABLE 2. Heats of the solvation reactions. 
f UO,(diket),(c) -+  Solvate (g) = UO,(diket),, » solvate (c). 
Q 
Solvated complex Combinations of Nos. (kcal. mole“) 
C UO, (acetac),,H,O (10 + 12 — 11 — 14) 14:17 + 0-10 
, UO,(dimet),,H,O (l+6—3— 14) 14-48 -£ 0-20 
UO,(dimet),,2-5H,O (1+ 7—3 — 2-5: 14) 32-38 + 0-12 
U O,(dimet),,NH, (l+13+8— 9 — 5) 15-32 + 0-74 
\. UO, (dimet),.C,H,N (1 — 4 — 15) 20-53 + 0-10 
5 
complex UO,(dimet), (dimet = dibenzoylmethanato) with a solution of the solvating 
molecule. This fact has allowed the use of pyridine as the solvent for the determination 
of the heats of solution, thus avoiding use of concentrated acids. The heats of solvation 
vere calculated from the measured heats of solution in pyridine of the anhydrous complexes, 
; solvated complexes, and solvate molecules respectively. 
The calorimetric data obtained, and the necessary thermochemical data from the 
literature, are presented in Table 1. By combining these data, heats of formation (Table 2) 
of the solvates were obtained. 
The heat of reaction between the bis(dibenzoylmethanato)uranyl complex and one 
mol. of water is 14-48 kcal. mole, very close to those of the heats of addition of one mol. 
of water to uranyl nitrate or chloride dihydrate, which were found to be 13-3 and 14-4 
n kcal. mole? respectively. Since it is generally recognised that in these compounds 
Is water is co-ordinated to the uranium,* the results support the hypothesis that even in this 
ot bis-(8-diketonato)uranyl monohydrate water is attached directly by a U-O bond. The 
or heat of reaction for the bis(acetylacetonato)uranyl complex with one mol. of water (14-17 
kcal. mole) is also very close to the above-mentioned values and in good agreement with 
d that of Wendlandt e¢ al.3 corrected for the heat of vaporisation of water (—13-74 kcal. 
of mole). The agreement between the heats of hydration of such different compounds is 
i. rather surprising when one considers that these heats differ from the bond strengths 
J- between the uranyl compounds and water by the difference AU between the lattice 
energies of either the anhydrous and the hydrated complex, or of the dihydrate and tri- 
ly hydrate of uranyl nitrate, respectively. In spite of the fact that very little is known of 
od the lattice energies, particularly of non-ionic compounds, it appears that in the present 
4s cases the AU terms are either negligible or, at least, roughly equal. 
*# Kapunstinskii and Baranova, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1952, 1122 (Chem. 
Abs., 1953, 47, 4723). 
5 Cf. Irving, Quart. Rev., 1951, 5, 208; Comyns, Chem. Rev., 1960, 60, 115. 
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The heat of addition of 2-5 mol. of water is 32-38 kcal. mole which is 2-2 times the 
heat of addition for only one mol. | This seems to indicate that at least two of these water 
molecules are co-ordinated directly to the uranium. 

The heat of solvation with one mol. of ammonia was found to be smaller than the heat 
of solvation with one mol. of pyridine. This is contrary to the usual order of basicity 
of the two ligands and also contrary to the findings for the corresponding solvates of the 
bis(acetylacetonato)uranyl complex. In fact, by making allowance for the heat of 
vaporisation of pyridine, the enthalpy changes for the addition of ammonia and pyridine 
to the bis(acetylacetonato)uranyl complex measured by Wendlandt e¢ al.3 are AHyy, = 
—20-7, AH,, = —18-32 kcal. mole™. 


Experimental.—The bis(diketonato)uranyl complexes and their solvates were prepared as 
described previously.+*** The compounds were analysed for uranium gravimetrically after 
conversion into U,O, at 900°. Nitrogen in the ammines and pyridinates was determined by 
the Dumas method. The pyridine was distilled over sodium in a Todd fractionating column. 

The calorimeter, of the Oxford Pitzer type,’ was described in a previous paper.* It was 
checked by determining the heat of solution of potassium chloride. In each experiment at 
least two electrical energy equivalents were determined; the reproducibility was usually better 
than 0-2%. The linear time-temperature relation was re-established 15—20 sec. after the 
bottle was opened. For each run the bottle was filled with a weighed amount of the uranyl 
complex (3—5 g.), water, or ammonia while the Dewar flask contained a weighed quantity 
(about 830 g.) of pyridine or a solution of the complex in pyridine. The accuracy of the 
weighings was +0-0002 g. for the solutes and + 0-02 g. for the solvents. The heat values 
presented here are averages of at least three determinations. The experimental error was 
always <1-5%. 

The spectra of the solutions 1 and 4; 2and 6; 3and7; 5 and 8 (see Table 1) were measured 
in the 300—600 my range with a Beckman DU spectrophotometer. The spectra of each pair 
of solutions were found to be equal. All the solutions show three bands at 302, 338, and 402 
my. The intensities vary slightly on passing from one solvated complex to another. 

Thanks are expressed to the ‘‘ Consiglio Nazionale delle Ricerche ’’ and to the “‘ Consiglio 
Regionale Ricerche Nucleari’”’ of Sicily for financial support. 

IstiITUTO pi CuimIcA GENERALE ED INORGANICA DELLA UNIVERSITA DI FIRENZE, 

FLORENCE, ITALY. [Received, January 30th, 1961.) 

§ Biltz, Z. anorg. Chem., 1904, 40, 221. 


7 Davies, Singer, and Staveley, J., 1954, 2304. 
8 Sacconi, Paoletti, and Ciampolini, Ricerca sci., 1959, 29, 2412. 





829. Suppression of 1,3-Diaxial Interaction in Methyl Reserpate 
during Alkaline Hydrolysis. 


By M. J. ALLEN. 


Tus Note is an addendum to a previous publication! in which it was reported that 
methyl reserpate (k = 1-39) and methyl deserpidate (k = 1-38) underwent hydrolysis 
considerably faster than methyl isoreserpate (k = 0-069). This difference was attributed 
to the possibility that the conformation of the reserpate and deserpidate esters under- 
going hydrolysis was such that all substitutions in ring E were axial. As a result it would 
be expected that a 1,3-diaxial interaction between the 18-hydroxyl and the 16-methoxy- 
carbonyl group would assist hydrolysis. 

Further experimental evidence has been obtained which definitely confirms the effect 
of 1,3-diaxial interaction. Methyl reserpate 18-methyl ether? has been subjected to 


1 Allen, J., 1960, 4904. 
2 Robison, Lucas, MacPhillamy, Barrett, and Plummer, Experientia, 1961, 17, 14. 
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alkaline hydrolysis and the second-order rate constant obtained; this indicates that 
when the 18-hydroxyl is replaced by an 18-methoxyl group [structure (VII) cf. ref. 1) 
1 ,3-diaxial interaction is considerably diminished. 

Methyl reserpate 18-(tetrahydropyran-2-yl) ether? was also investigated. A spatial 
model of this compound shows that the only sterically unhindered configuration possible 
is that in which all substituents in ring E are equatorial [structure VI, cf. ref. 1]. This 
being the case, the rate of hydrolysis would be expected to be essentially the same as 
obtained for methyl isoreserpate. 


(1961) Notes. 





Expevimental.—The methyl and tetrahydropyran-2-yl ethers of methyl reserpate used were 
analytically pure; the alkaloids were supplied through the courtesy of Ciba Pharmaceutical 
Products, Inc. The alkaline dioxan solution used for the hydrolysis at 40° + 0-5° and the 
techniques used in the study were identical with those previously reported. The second-order 
rate constant was obtained from the equation 


k = [2-303/t(a — b)] log [b(a — x)/a(b — x)], 
where a and 0 are the concentrations (in moles/l.) of the sodium hydroxide and the alkaloid, 
respectively, and ¢ is the time (in minutes). 
Methyl reserpate 18-methyl ether had k = 0-346 + 0-013; the 18-(tetrahydropyran-2-yl) 
ether had k = 0-064 + 0-002 1. mole™ sec.*}. 


CHEMICAL RESEARCH DEPARTMENT, ELECTRO-OPTICAL SYSTEMS, INC., 
PASADENA, CALIFORNIA, U.S.A. [Received, February 28th, 1961.) 





830. The Structure of Sodium Hexafluoromolybdate(v). 
By A. J. Epwarps and R. D. PEAcocK. 


ALTHOUGH much attention has been paid to the classification of complex fluorides from 
unit-cell dimensions,!-? few structural determinations have been made. For quinquevalent 
ABF, compounds reported details are restricted to KRuF,, RbRuF,, and CsRuF,,3 
KOsF,,* KIrF,,° to KNbF, and KTaF,,° and NaSbF, * and KSbF,.8 

We here report a structure determination of sodium hexafluoromolybdate(v), NaMoF,. 
This salt was chosen because the complex MoF,~ ion is a regular octahedron in a simple 
environment, and hence the structure should provide a basis with which other structures 
and other properties of compounds in this part of the Periodic Table can be compared. 

Experimental.—Sodium hexafluoromolybdate(v) was prepared by Hargreaves and Peacock’s 
method.® Powder samples for X-ray examination were sealed in thin-walled Pyrex capillaries 
under a vacuum. Photographs were taken with a 19 cm. cylindrical camera, using crystal 
reflected Cu-K, radiation from a pentaerythritol monochromator. The multiple-film technique 
was used to obtain graded intensities, and duplicate films were examined with a Hilger micro- 
photometer (type 451). Values of the integrated intensities in arbitrary units were obtained 
by measuring areas under the plotted photometer curves. 

For any line on a powder photograph the intensity is given by: 


1 + cos* 2a cos? 26)” 


I = Constant - -— - 
sin? 6 cos 8 


oA. F%qy,, 


Cox, J., 1956, 877. 
Wyckoff, ‘‘ Crystal Structures,” Interscience Publ., Inc., New York, Vol. I. 
Weiss and Klemm, Z. anorg. Chem., 1955, 279, 74. 

Hepworth, Jack, and Westland, J. Inorg. Nuclear Chem., 1956, 2, 79. 
Westland, Ph.D. Thesis, Durham University, 1957. 

Bode and Dohren, Acta Cryst., 1958, 11, 80. 

Teufer, Acta Cryst., 1956, 9, 539. 

Bode and Voss, Z. anorg. Chem., 1951, 264, 144. 

Hargreaves and Peacock, J., 1957, 4212. 
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where « is the angle of reflection in the monochromator and other symbols have their usual 
meaning.!° In calculating intensities the absorption correction was obtained from Bradley’s 
values (absorption coefficient = 220-4 cm.1). For the scattering factors the values of 
Berghuis e¢ al.12 were used for sodium and fluorine, and those of James and Brindley }* for 
molybdenum, quantities being taken for un-ionised atoms (cf. Gutmann and Jack?*4). The 
unit-cell dimension was calculated accurately by using the extrapolation function of Nelson 
and Riley.*® 

Observed X-ray reflections were indexed on a face-centred cubic unit cell, with side ay = 
8-194 + 0-002 A. The space group was assumed to be Fm3m (0,5, No. 225), and good agree- 
ment between observed and calculated intensities was obtained by placing four molecules in 
the unit cell with atoms in the following positions: 4Mo in (a) at 0,0,0; 4Na in (b) at $,4,3; 
24F in (e) at +¥7,0,0; 0,7,0; 0,0,7; where x = 0-212 + 0-003. The individual temperature 
factors, found by trial and error, were: By, = 2-7; By, = By = 4-7 A®. Observed and 
calculated intensities are listed in Table 1. The structure is evidently closely related to that 
of NaSbF,,’ and interatomic distances in both compounds are given in Table 2. 


TABLE 1. Relative intensities. 


Plane a I, Plane Ee | m Plane  - ss Plane A a 
lll 402 405 422 104 145 620 98 88 731 31 } 84 
200 629 587 333 3 } ai 533 36 49 553 47 ‘ 
220 198 200 51l 171 ais 622 36 56 800 20 15 
311 165 188 440 153 156 444 42 50 733 8 0 
222 8 16 531 155 155 551 2 820 43 } 101 
400 251 269 600 56 198 711 28 210 644 60 

331 37 79 442 132 ™ 640 102 822 ae 
420 370 362 642 102 117 660 a 


Some idea of the agreement between observed and calculated intensities can be obtained 
from the expression Z|J, — I,|/ZJ, = 0-077. Thediscrepancy factor R = X1(|F,| — |F-|)|/=|Fol 
cannot be used because of the overlapping of the powder lines. 


TABLE 2. Dimensions (A) of NaMoF, and NaSbF,. 


NaMoF, NaSbF, (ref. -7) 
ee ee See ee 8-194 + 0-002 8-18(4) 
gents Fie ceenreeare 1-74 + 0-03 1-78 
OF PRESARIO RG 2-46 + 0-03 2-52 
SS ERE EO ORE 2-36 + 0-03 2-31 
intl cdciccatdittbadeadisbiliiticenscatuhiok 0-212 + 0-003 0-217 


Discussion.—Sodium hexafluoromolybdate, like the hexafluoroantimonate, crystallises 
with a sodium chloride arrangement of sodium and regular MoF, groups. The observed 
Mo-F distance is shorter than either the sum of the ionic radii of Mo®+ and F~ (2-01 A) 
or the sum of the covalent radii of Mo and F (2-08 A). Notable too is the very short 
F-F distance which is about 0-26 A shorter than the sum of the ionic radii (2-72 A). Such 
values have been noted in the isostructural compound NaSbFg, in KSbF,, and in KOsF, 
and KIrF, where the shortest F-F distances are 2-48 A and 2-47 A respectively. 


One of us (A. J. E.) is indebted to the Department of Scientific and Industrial Research 
for a maintenance grant and to the Salters’ Company for the award of a Salters’ Scholarship. 
We thank Imperial Chemical Industries Limited, General Chemicals Division, for the loan 
of a fluorine generator. 
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THE UNIVERSITY, BIRMINGHAM, 15. [ Received, March 13th, 1961.} 


10 International Tables for X-Ray Crystallography, Kynoch Press, Birmingham, Vol. II, 1959, 
p. 237. 
11 Bradley, Proc. Phys. Soc., 1935, 47, 879. 
12 Berghuis, Haanappel, Potters, Loopstra, MacGillavry, and Veenendaal, Acta Cryst., 1955, 8, 478. 
13 James and Brindley, Z. Krist., 1931, 78, 470. 
14 Gutmann and Jack, Acta Crvst., 1951, 4, 244. 
15 Nelson and Riley, Proc. Phys. Soc., 1945, 57, 160. 
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831. Structure of Phosphoryl Chloride—Boron Trichloride Complex. 
By W. GERRARD, E. F. Mooney, and H. A. WILLIs. 


CERTAIN complexes of phosphoryl halides and metal halides (SnCl,, TiCl,, FeBr,) were 
formulated by Sheldon and Tyree! showing oxygen as the donor atom [Av(P=O) 55—90 
cm.+ to lower frequency], whereas Greenwood and Wade ? formulated the corresponding 
gallium compound as [POCI,]*[GaCl,]~. It was postulated * that the boron trichloride 
complex had a similar constitution, [POCI,]*[BCl,]~ (I), with which we concur, on the 
basis of an infrared spectroscopic study. 

If the complex were Cl,P=O —» BCI, (II) as designated by Waddington and Klanberg,4 
we should expect a considerable shift (~100 cm.) of the P=O stretching mode to lower 
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Infrared spectra of (1) phosphoryl chloride—boron trichloride in Nujol mull, (2) 
phosphoryl chloride as film, (3) tri-n-propyl phosphate-boron trichloride as film, 
(4) tri-n-propyl phosphate as film, and (5) ethylammonium tetrachloroborate. 


frequency, as found in the complexes POCI,,MX,1 and (PhO),P=O0,BX;.3 For structure 
(I) no more than a small shift is expected, because the phosphoryl-oxygen atom is now 
not a donor atom. In structure (II) the asymmetric B-Cl stretching bands would show 
a characteristic BCl, ‘‘ envelope ’’ which commences at 815 cm.7,® whereas structure (I) 
would give the equally characteristic tetrachloroborate ‘envelope’ commencing at 780 
cm.+.5 We prefer to consider the envelopes as diagnostic of the “ BCl,” or “ BCl,”’ 
structure, because the band system is in each case complex, being composed of the 
asymmetric B-Cl stretching mode (v3) and the combination from the symmetric B-Cl 
stretching and the B-Cl deformation modes (v, + v4). Also both these bands show isotopic 
splitting from the }©BCl and “BCI modes. Consequently, although it is difficult to locate 


' Sheldon and Tyree, J. Amer. Chem. Soc., 1958, 80, 4775; 1959, 81, 2290. 
2? Greenwood and Wade, J., 1957, 1516. 

% Frazer, Gerrard, and Patel, J., 1960, 726. 

* Waddington and Klanberg, J., 1960, 2339. 

5 Gerrard, Hudson, and Mooney, J., 1960, 5168. 
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the band maxima with precision, there is no difficulty in locating the origin of the 
envelopes. 

The spectrum (see Figures) obtained in the present work showed only a small shift 
of the P=O stretching frequency, which is in agreement with earlier observations,** and 
shows the typical BCI, “‘ envelope.”” These observations are consistent with structure (I). 
Waddington and Klanberg * do not refer to a BCl “ envelope” as such, but specify the 
v, and v, + v, bands at 700 and 667 cm.+. From Table 4 of their paper * these bands are 
consistent with the BC], modes rather than the co-ordinated BCl, modes which are quoted 
as occurring at 757 and 715 cm.~. 

Further evidence of the presence of the [POCI,]* ion is obtained from the P-Cl 
stretching frequencies, which now occur slightly higher (588 and 490 cm.) than in 
phosphoryl chloride (578 and 483 cm.~); this is consistent with the change in hybridisation 
from the tetrahedral configuration of phosphoryl chloride to the planar configuration 
occurring in the [POCI,]* ion. This is analogous to the shifts of the B-Cl modes observed 
between the partially tetrahedral —BCl, in a co-ordination complex and the planar —BCl, 
in a boron dichloride. The 1190 cm.* band assigned * to the B-O stretching mode was 
not evident in the present work. The structure of phosphoryl chloride-boron trichloride 
can now be designated oxodichlorophosphorus tetrachloroborate (I). 





Experimental.—The phosphoryl chloride—boron trichloride complex was prepared by the 
method of Frazer, Gerrard, and Patel * and recrystallised from light petroleum (b. p. 30—40°) 
(Found: B, 4:1; Cl, 78-5. Calc. for BC]OP: B, 4-0; Cl, 78-6%). The spectra were recorded 
for Nujol mulls or liquid films between potassium chloride windows on Perkin-Elmer 137 
spectrometers fitted with rock salt and potassium bromide optics; the calibration was checked 
by using polystyrene ® and 1,2,4-trichlorobenzene. 


THE NORTHERN POLYTECHNIC, HOLLOWAY Roap, 
Lonpon, N.7. (Received, March 13th, 1961.} 


* Plyler, Danti, Blaine, and Tidwell, J. Res. Nat. Bur. Stand., 1960, 64, 29. 





832. Attempts to Prepare 1,2,3,4-T'etrahydro-9,10-diazaphen- 
anthrenes from Cyclohexane-1,2-dione Monophenylhydrazones. 


By RosEMARY A. SOUTTER and MURIEL TOMLINSON. 


Moore ! outlined a method for the conversion of cyclohexane-1,2-dione monophenyl- 
hydrazones (I) into tetrahydro-9,10-diazaphenanthrenes (II) by treatment with sulphuric 
acid: no exact conditions were described but he stated that the method is more convenient 
than the others available. We wanted nitro-compounds such as (II; R’ = NO,) for 
intermediates in the preparation of triazaphenanthrenes and so we decided to reinvestigate 
this method. Accordingly a wide range of conditions for this type of reaction was explored. 
Moore’s claim that 3,5-dimethylcyclohexane-1,2-dione 2-phenylhydrazone (I; R = Me, 
R’ = H) affords a high yield of 1,2,3,4-tetrahydro-1,3-dimethyl-9,10-diazaphenanthrene 
(II; R = Me, R’ = H) with sulphuric acid was confirmed and we found that with poly- 
phosphoric acid the yield was only 10%. Our yield of 1,2,3,4-tetrahydro-9,10-diaza- 
phenanthrene (II; R = R’ = BH) from cyclohexane-1,2-dione monophenylhydrazone was 
even smaller than the 15% described by Moore: here with both sulphuric acid and poly- 
phosphoric acid 1,2,3,4-tetrahydro-l-oxocarbazole (III; R =H) was the main product. 
The o-nitrophenylhydrazones of both cyclohexane-1,2-dione (1; R’ = NO,, R = H) and 
3,5-dimethylcyclohexane-1,2-dione (I; R’ = NO,, R= Me) gave the corresponding 
tetrahydro-oxocarbazole (III; R = NO,) and oxocarbazolenine (IV) with polyphosphoric 
acid: with sulphuric acid the former (I; R’ = NO,, R = H) was converted into cyclo- 
hexane 1,2-dione bis-o-nitrophenylhydrazone but no pure compound was isolated from 
1 Moore, Nature, 1949, 1638, 918. 
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the latter (I; R’ = NO,, R = Me). It is therefore unlikely that this would form a suitable 
route for the preparation of the compounds we required. 
Polymorphism was encountered in both the o-nitrophenylhydrazones. 


Experimental.—3,5-Dimethylcyclohexane-1,2-dione 2-phenylhydvazone. A mixture of cis- 
3,5-dimethylcyclohexanone (12-5 g.) and ethyl formate (8 g.) in dry ether (20 ml.) was slowly 
added to sodium wire (2-3 g.) under ether. Next day any remaining sodium was destroyed 
with ethanol and the sodioformyldimethylcyclohexanone was dissolved in water (80 ml.). 
The aqueous layer was brought to pH 7 with acetic acid and immediately treated with a filtered 
solution of benzenediazonium sulphate [from aniline (8 g.) in water (25 ml.) and sulphuric acid 
(13 ml.)] which had been brought to pH 4—5 with 15% aqueous sodium hydroxide. The 
phenylhydrazone separated as a red oil which was extracted with chloroform. After removal 
of the solvent, the product (which solidified) was purified by chromatography in benzene on 
deactivated alumina, and 3,5-dimethylcyclohexan-1,2-dione 2-phenylhydrazone was obtained 
as red prisms (from methanol), m. p. 60—61° (Moore gives m. p. 58—59°) (Found: C, 73-1; 
H, 7:8. Calc. for C,gH,,N,O: C, 73-1; H, 7-8%). If the diazonium solution was neutral or 
alkaline the main product was 2,4-dimethyl-5,6-dioxoheptanoic acid 5-phenylhydvazone which 
formed yellow prisms, m. p. 130—133° (Found: C, 65-4; H, 7-3; N, 10-2. C,;H, 9N,O, requires 
C, 65-2; H, 7-2; N, 10-1%). The latter product formed a semicarbazone, m. p. 201—204° 
(from aqueous alcohol) (Found: C, 58-4; H, 7-2; N, 20-6. C,,H,,N,;O, requires C, 57-7; 
H, 6-9; N, 21-1%). 

Cyclohexane-1,2-dione o-nitrophenylhydvrazone. (a) This was prepared, as above, from 
cyclohexanone (40 g.) and o-nitroaniline (46 g.) diazotised in sulphuric acid (135 ml.) and water 
(300 ml.). The diazonium solution (at pH 4—5) was filtered into the formylcyclohexane 
solution and cyclohexane-1,2-dione o-nitrophenylhydvrazone separated as a mixture of yellow solid 
and red liquid which solidified completely in contact with alcohol. Chromatography in 
benzene-light petroleum (b. p. 60—80°) on deactivated alumina afforded first yellow needles, 
and then a mixture of these together with red prisms. Recrystallisation from ethanol, glacial 
acetic acid, or light petroleum gave mixtures of both types of crystal. The two forms were 
finally obtained as red prisms, m. p. 149—153°, and yellow needles, m. p. 130—134-5° 
(both from alcohol) [Found (prisms): C, 57-8; H, 5:2; N, 17-1; (meedles) C, 57-8; H, 4-7. 
C,,.H,3N,O0, requires C, 58-3; H, 5-3; N, 17-0%]. With phenylhydrazine it gave cyclohexane- 
1,2-dione o-nitrophenylhydvazone phenylhydvazone, red prisms, m. p. 170—173° (from alcohol) 
(Found: C, 64-1; H, 5-6; N, 20-6. C,,H,,N;O, requires C, 64:2; H, 5-7; N, 20-6%). When 
the coupling with o-nitrobenzenediazonium chloride was done at pH >7 the main product was 
cyclohexane-1,2-dione o-hydvoxyphenylhydrazone which formed brown prisms (from alcohol), 
m. p. 169° (decomp.) (Found: C, 66-0; H, 6-3; N, 12-8. C,,.H,,N,O, requires C, 66-1; H, 6-5; 
N, 128%). 

(b) A mixture of cyclohexane-1,2-dione (1-0 g.) and o-nitrophenylhydrazine (0-5 g.) in 
ethanol (30 ml.) was seeded with the above mono-o-nitrophenylhydrazone and the solvent was 
removed slowly without heating. Chromatography of the product, in benzene, on alumina 
gave, first, a little cyclohexane-1,2-dione bis-o-nitrophenylhydrazone, red needles, m. p. 181—184° 
(from alcohol), identical with that prepared from the mono-o-nitrophenylhydrazone and 
o-nitrophenylhydrazine (Found: C, 57-0; H, 4:8. C,,H,,N,O, requires C, 56-6; H, 4-8%), 
and then a mixture of the needle and the prism form of the above mono-o-nitrophenylhydrazone. 

3,5-Dimethylcyclohexane-1,2-dione 2-o-nitrophenylhydrazone was prepared from 2-formyl- 
3,5-dimethylcyclohexanone and o-nitrobenzenediazonium chloride. It formed orange prisms, 
m. p. 146° (the m. p. was not sharp and a yellow needle form had m. p. 112—113°) (Found: 
C, 61-1; H, 6-2; N, 15-4. C,,H,,N,O, requires C, 61:2; H, 6-2; N, 15-3%). With o-nitro- 
phenylhydrazine in boiling alcohol containing a little hydrochloric acid it gave red needles 
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of the bis-o-nitrophenylhydrazone, m. p. 185—186° (from ethyl acetate) (Found: C, 58-7; 
H, 5-6; N, 20-4. CypH.:N,O, requires C, 58-5; H, 5-4; N, 20-2%). 

Cyclisation of cyclohexane-1,2-dione monophenylhydrazone. (a) The hydrazone (2-0 g.) in 
sulphuric acid (6 ml.) was kept at 60° for 5 min. and then poured into ice-water. The resulting 
solution was made alkaline with aqueous ammonia and extracted with ether. The solid, 
recovered from the ether, afforded 1,2,3,4-tetrahydro-9,10-diazaphenanthrene (0-1 g.), yellow 
needles, m. p. 93—97° (from light petroleum) (Moore gives m. p. 98°). 

(b) The phenylhydrazone (6-0 g.) was added to phosphoric acid (20 ml.; d 1-75) containing 
phosphorus pentoxide (24 g.), and the mixture was kept at 80° for 30 min. Dilution with water 
precipitated 1,2,3,4-tetrahydro-l-oxocarbazole, m. p. 160—164°, raised to 165° by recrystal- 
lisation from water; and from the filtrate (basified with ammonia) there was obtained 1,2,3,4- 
tetrahydro-9,10-diazaphenanthrene (0-3 g.), m. p. 98° (from light petroleum). 

Cyclisation of 3,5-dimethylcyclohexane-1,2-dione 2-phenylhydrazone. (a) A solution, made 
by dissolving the hydrazone (5-0 g.) in concentrated sulphuric acid (15 ml.) at room temperature, 
was poured on ice, basified with aqueous ammonia, and extracted with ether. The yellow 
solid (3-5 g.), recrystallised from light petroleum (b. p. 60—80°), gave 1,2,3,4-tetrahydro-1,3- 
dimethyl-9,10-diazaphenanthrene, m. p. 109-5—111° (Moore gives 111°) (Found: C, 79-3; 
H, 7:6. Calc. for C,,H,,.N,: C, 79:2; H, 7-5%). 

(b) The hydrazone (2-5 g.) in polyphosphoric acid (as above) kept at 80° for 5 min. gave the 
diazaphenanthrene (0-2 g.). 

Cyclisation of cyclohexane-1,2-dione o-nitrophenylhydrazone. (a) A solution of the hydrazone 
(2 g.) in sulphuric acid (6 ml.) was diluted with ice-water, basified with aqueous ammonia, 
and extracted with ether. The solid recovered from the ether and chromatographed in benzene 
on deactivated alumina afforded cyclohexane-1,2-dione bis-o-nitrophenylhydrazone, m. p. 
181—183°. 

(b) The above sulphuric acid solution, kept at 100° for 5 min., gave 1,2,3,4-tetrahydro-8- 
nitro-1-oxocarbazole, needles, m. p. 195—-197° (from alcohol) (Found: C, 62-7; H, 4-5; N, 11-9. 
C,H, )N,O, requires C, 62-6; H, 4-3; N, 12-2%). 

(c) The hydrazone (2 g.) in phosphoric acid (13 ml.; d 1-75) with phosphorus pentoxide 
(15 g.) was heated to 100° and then decomposed with ice. 1,2,3,4-Tetrahydro-8-nitro-1-oxo- 
carbazole (1-1 g.) was precipitated. Basification of the filtrate gave a little more of the same 
compound. 

1,2,3,4-Tetrvahydro-3,11-dimethyl-8-nitro-1-oxocarbazolenine. 3,5-Dimethylcyclohexane-1,2- 
dione 2-o-nitrophenylhydrazone (4-0 g.) with phosphoric acid (35 ml.; d 1-75) and phosphorus 
pentoxide (40 g.) was kept at 100° for 30 min. and the solution was then decomposed with ice. 
The brown solid so precipitated was extracted with chloroform, and the material thus extracted 
was chromatographed on deactivated alumina in benzene-light petroleum. The main product 
was 1,2,3,4-tetrahydro-3,11-dimethyl-8-nitro-1-oxocarbazolenine (0-7 g.) which separated from 
ethanol as orange plates, m. p. 156° (Found: C, 65-0; H, 5-3; N, 10-9. C,,H,,N,O, requires 
C, 65-1; H, 5-4; N, 10-8%). 

THE Dyson PERRINS LABORATORY, 

OxFORD UNIVERSITY. [Received, March 20th, 1961.] 





833. Some Derivatives of 2,7-Dihydroxynaphthalene. 
By F. Bett and J. R. Gorrik. 


A DINITRO-DERIVATIVE of 2,7-dihydroxynaphthalene was described by Kaufler and Brauer,} 
and a dinitro-derivative of 2,7-dimethoxynaphthalene by Fischer and Kern.? Both were 
assumed to be 1,8-dinitro-derivatives but since Wilson,** and Cooke, Johnson, and Owen > 
have shown that the dibromination of 2,7-dihydroxy- and 2,7-dimethoxy-naphthalene 
occurs mainly in the 1- and 6-positions, with a minor amount of 1,3-substitution, it appeared 
desirable to orient the nitro-compounds definitely. 

1 Kaufler and Brauer, Ber., 1907, 40, 3269. 

® Fischer and Kern, J. prakt. Chem., 1916, 94, 34. 

’ Wilson, Tetrahedron, 1958, 3, 236. 


4 Wilson, Tetrahedron, 1960, 11, 256. 
5 Cooke, Johnson, and Owen, Austral. J. Chem., 1960, 18, 256. 
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The dinitro-2,7-dimethoxynaphthalene was readily obtained and reduced to the corre- 
sponding diamine,® which had the properties of a typical 1,8-diamine as shown by its 
reaction with acetone and carbon disulphide.’ The previously assumed orientation is 
therefore proved. On the other hand it was not found possible to repeat the preparation 
of the dinitro-2,7-dihydroxynaphthalene. Under modified conditions a tetranitro-deriva- 
tive was isolated, which could be converted into a tetranitro-2,7-dimethoxynaphthalene. 
Tetrasubstituted products were obtained also by the nitration of 1-bromo- and 1,6-di- 
bromo-2,7-dihydroxynaphthalene and tribromo-2,7-dimethoxynaphthalene. 

1-Chloro-2,7-dimethoxynaphthalene on nitration gave the same compound as that 
obtained by the chlorination of 2,7-dimethoxy-1l-nitronaphthalene; it must, therefore, be 
the 1,8-derivative. Similarly, 1-bromo-2,7-dimethoxynaphthalene on nitration gave the 
same compound as given by 2,7-dimethoxy-1-nitronaphthalene on bromination; it must 
be the 1-bromo-8-nitro-derivative. 


Experimental.—2,3- Dihydro - 4,9 -dimethoxy -2,2-dimethylperimidine. 1,8-Diamino-2,7-di- 
methoxynaphthalene (0-2 g.) was dissolved in boiling acetone (5 c.c.) and the solution left 
overnight. The pervimidine crystallised as scarlet needles (0-18 g.), m. p. 271—273° (decomp.) 
(Found: C, 69-5; H, 6-9. C,,;H,,N,O, requires C, 69-8; H, 7-0%). 

2,3-Dihydro-4,9-dimethoxy-2-thioperimidine. 1,8-Diamino-2,7-dimethoxynaphthalene (0-2 
g.) was dissolved in ethanol (10 c.c.), and carbon disulphide (1 c.c.) was added. The mixture 
was boiled for 5 min. and on cooling the perimidine crystallised as golden plates, m. p. 218— 
220°, in almost quantitative yield (Found: C, 60-3; H, 4-6. C,,;H,,N,O,S requires C, 60-0; 
H, 46%). 

Nitration of 2,7-dihydroxynaphthalene. The process of Kaufler and Brauer?! in our hands 
yielded only resin. Of the many modifications tried only the following led to a crystalline 
compound. Fuming nitric acid (10 c.c.) was added dropwise to the compound (2 g.) in acetic 
acid (100 c.c.). After about 1 hr. yellow crystals began to separate (sometimes very slight 
dilution was necessary to induce crystallisation). These, after recrystallisation from acetic 
acid, gave the fetvanitro-derivative (0-5 g.) as needles, m. p. 227° (explosive decomp.) (Found: 
C, 35-6; H, 1-2. CygH,yN,O,9 requires C, 35-5; H, 1:2%). This was methylated, by methyl 
sulphate in boiling xylene solution in the presence of potassium carbonate, to a tetranitro-2,7- 
dimethoxynaphthalene, which crystallised from acetic acid as straw-coloured needles, m. p. 
268° (Found: C, 39-1; H, 1-94. C,,H,N,Oj9 requires C, 39-0; H, 2-17%). 

Nitration of 1-bromo-2,7-dihydroxynaphthalene. Fuming nitric acid (1-5 c.c.) in acetic acid 
(1-5 c.c.) was added to the compound (1 g.) in acetic acid (10 c.c.). As crystallisation did not 
occur the mixture was poured into water, and the precipitate was crystallised from acetic acid. 
A trinitro-derivative was obtained as a yellow powder, m. p. 197° (decomp.) (Found: C, 31-8; 
H, 1-1. C,H,BrN,O, requires C, 32-1; H, 1-1%). : 

Nitration of 1,6-dibromo-2,7-dihydroxynaphthalene. Prepared as for the 1-bromo-compound 
(above), the product (1-3 g. from 3 g.) was crystallised from acetone to give a crude dinitro- 
derivative as yellow crystals, m. p. 207° (decomp.) (Found: C, 30-1; H, 1-4. C,,H,Br,NO, 
requires C, 29-4; H, 1:0%). Further recrystallisation failed to raise the m. p. or improve the 
analytical figures. 

Nitration of 1,3,6-tribromo-2,7-dimethoxynaphthalene. Fuming nitric acid (3 c.c.) in acetic 
acid (6 c.c.) was added to a warm suspension of the compound (1-5 g.) in acetic acid (15 c.c.). 
On cooling, the clear solution deposited red crystals, m. p. ca. 220°, which after recrystallisation 
from acetic acid gave the mononitro-derivative (0-3 g.) as red needles, m. p. 222—224° (Found: 
C, 30-9; H, 1-6. C,,H,Br,NO, requires C, 30-7; H, 1-7%). . 

1-Bromo-2,7-dimethoxy-8-nitronaphthalene. (a) Bromine (1 mol.) was added to a solution 
of 2,7-dimethoxy-1l-nitronaphthalene 2 in hot chloroform. The mixture was boiled for a few 
minutes to expel hydrogen bromide, and then diluted with light petroleum. The product, 
after recrystallisation from acetic acid, formed prisms, m. p. 172—-174° (Found: Br, 25-9; 
N, 4:3. C,,.H,)BrNO, requires Br, 25-6; N, 45%). 

(b) Concentrated nitric acid (0-5 c.c.) in acetic acid (1 c.c.) was added to a warm solution 


® Chakravarti and Pasupati, J., 1937, 1859. 
7 Klamann and Kramer, Chem. Ber., 1960, 98, 2320. 
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of 1-bromo-2,7-dimethoxynaphthalene (0-5 g.) in acetic acid (5 c.c.). The liquid almost im- 
mediately filled with pale yellow prisms, m. p. 165—172°, raised to 172—-174° after one re- 
crystallisation from acetic acid. Dr. D. M. W. Anderson kindly confirmed the identity of the 
infrared spectra of the two samples. 

Interaction of 1-bromo-2,7-dimethoxy-8-nitronaphthalene with nitric acid. The compound 
was introduced slowly into fuming nitric acid, whereupon a permanganate colour developed 
initially. The resultant solution was poured into water, and the orange precipitate recrystallised 
from acetic acid to yield trinitro-2,7-dimethoxynaphthalene, m. p. 216°, alone or mixed with 
an authentic sample.2, The bromine atom had been replaced by a nitro-group. 

1-Chloro-2,7-dimethoxynaphthalene. Treatment of 2,7-dimethoxynaphthalene in chloroform 
with chlorine (1 mol.) led to a troublesome mixture of mono- and dichloro-derivatives. Sul- 
phuryl chloride (3-8 g.) in chloroform (3 c.c.) was added dropwise to a solution of 2,7-dimethoxy- 
naphthalene (5 g.) in chloroform (3-0 c.c.). The mixture was concentrated to small bulk and 
diluted with light petroleum to precipitate the impure dichloro-derivative (0-7 g.). The filtrate 
on further dilution yielded the almost pure 1-chloro-derivative, which formed needles (3-0 g.), 
m. p. 58—60°, from methanol (Found: C, 64-5; H, 5-1. C,,H,,ClO, requires C, 64-7; H, 
4-9%). . 

1-Chloro-2,7-dimethoxy-8-nitronaphthalene. (a) Concentrated nitric acid (1 c.c.) in acetic 
acid (2 c.c.) was added to a warm solution of 1-chloro-2,7-dimethoxynaphthalene (1 g.) in 
acetic acid (10 c.c.). The solution immediately filled with a mass of needles, m. p. ca. 150°, 
which after recrystallisation from acetic acid gave the 8-nitro-derivative as yellow needles, 
m. p. 160—162° (Found: C, 54-3; H, 3-5. C,,H,CINO, requires C, 53-9; H, 3-7%). (b) 
Sulphuryl chloride (1 mol.) was added to 2,7-dimethoxy-1l-nitronaphthalene in chloroform. 
The mixture was warmed and finally concentrated; the crystals (75%) which separated were 
identical with those obtained under (a). 


The authors are indebted to the Carnegie Trust for the Universities of Scotland for a grant. 


HERIOT-WATT COLLEGE, EDINBURGH. [Received, March 23rd, 1961.) 





834. Reduction of Lodonitrobenzenes. 
By Brian T. NEWBOLD. 


In the present work, o0-, m-, and p-iodonitrobenzene have been reduced with potassium 
hydroxide and ethanol. In early studies,! Gabriel reduced m-iodonitrobenzene and 
p-iodonitrobenzene with alcoholic potassium hydroxide and obtained the corresponding 
azoxybenzenes; he reported that alcoholic potassium hydroxide caused o-iodonitrobenzene 
to decompose easily with loss of iodine, and therefore doubted that 2,2’-di-iodoazoxy- 
benzene could be prepared from o-iodonitrobenzene by this means. In the present study, 
attempts were made to reduce o-iodonitrobenzene in this way but the only product 
isolated was azoxybenzene in ~1% yield: this can be explained if the o-iodonitrobenzene 
decomposes with loss of iodine and the nitrobenzene obtained is then reduced to azoxy- 
benzene. In studies of the reduction of m-iodonitrobenzene with alcoholic potassium 
hydroxide, the only product isolated was 3,3’-di-iodoazoxybenzene. Similar reduction of 
p-iodonitrobenzene gave 4,4’-di-iodoazoxybenzene as the main product, with some 
p-iodoaniline. ; 

In other work, o-, m-, and f-iodonitrobenzene were reduced with zinc dust and sodium 
hydroxide, by essentially the method employed by Badger ef al.2_ o-Iodonitrobenzene 
gave azobenzene in 66% yield, whereas m-iodonitrobenzene was reduced to 3,3’-di-iodo- 
azobenzene and a small amount of azobenzene. In contrast, reduction of p-iodonitro- 
benzene gave only azobenzene, but in high yield (82%). The de-iodination could have 
occurred before or after formation of the azoxy-linkage. Cook and Jones ® reported that 
2,2’-di-iodoazoxybenzene was converted into azobenzene by the mild reducing agent, sodium 


1 Gabriel, Ber., 1876, 9, 1405. 
2 Badger, Buttery, and Lewis, J., 1953, 2143. 
3 Cook and Jones, J., 1939, 1311. 
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amalgam. We find that our reagent, zinc dust and sodium hydroxide, converts both 
2,2’- and 4,4’-di-iodoazoxybenzene into azobenzene. Further work on this aspect is 
















































e being carried out. 
d Experimental.—Reductions with potassium hydroxide and ethanol. (a) 0o-Iodonitrobenzene. 
d To o-iodonitrobenzene (5 g.) in ethanol (60 ml.) was added potassium hydroxide (8 g.), and 
d the mixture was refluxed for 30 min. Steam-distillation gave a yellow distillate which was 
h acidified with hydrochloric acid and filtered. After cooling overnight, the filtrate gave a 
yellowish-brown residue, which yielded azoxybenzene, m. p. and mixed m. p. 33—33-5°, from 
n aqueous ethanol (0-018 g., 1-1%). No amine was found when the acid filtrate was made 
|- alkaline with sodium hydroxide, and the residue yielded only tar. 
" (b) m-Iodonitrobenzene. m-Iodonitrobenzene (10 g.) in ethanol (100 ml.) was refluxed with 
d potassium hydroxide (16 g.) for 1 hr. The mixture was then treated as above. No recovered 
e m-iodonitrobenzene or m-iodoaniline was obtained. The residue left after steam-distillation 
: was extracted with boiling benzene, and the extract cooled and evaporated to give 3,3’-di- 
3 iodoazoxybenzene (5-9 g., 60%) which recrystallized from ethanol—benzene as yellow needles, 
m. p. and mixed m. p. 120—121° (lit.,5 120-5—121-5°). 
c (c) p-Iodonitrobenzene. Reaction as in (b) gave p-iodoaniline, needles (from aqueous 
ethanol), m. p. 62—62-5° (lit., m. p. 62-8°) (0-91 g., 10%) (acetyl derivative, m. p. 183—184°; 
/ lit., m. p. 183—184°). The residue left after steam-distillation was boiled with ethanol—benzene 
;, which extracted 4,4’-di-iodoazoxybenzene (6-1 g., 62%), plates (from benzene), m. p. and mixed 
») m. p. 199—200° (lit., m. p. 198°,> 199-5° 3). 
.. Reductions with zinc dust and sodium hydroxide. (a) o-Iodonitrobenzene. To o-iodonitro- 
e benzene (5 g.) in ethanol (12 ml.) was added sodium hydroxide (3 g.) in water (3 ml.), and then 


zinc dust (7 g.) in small portions. The mixture was refluxed for 2 hr. Steam-distillation 
gave a distillate which on being acidified with hydrochloric acid and cooled overnight, gave an 
. orange product, m. p. 67—69° (0-14 g.). The non-volatile residue was extracted with boiling 
ethanol several times to give an extract which, on cooling and dilution with water, yielded an 
orange product, m. p. 67—69° (0-86 g.). Both products were azobenzene (mixed m. p.; with 
peracetic acid gave azoxybenzene, m. p. and mixed m. p. 34—35°). 

(b) m-Iodonitrobenzene. Reduction as above gave (from the steam-distillate) azobenzene, 
m. p. and mixed m. p. 68—70° (0-004 g., 0:26%), and (by extraction with ethanol—benzene) 
3,3’-di-iodoazobenzene (from ethanol-—acetic acid), m. p. and mixed m. p. 150—151° (lit.,4 150°) 
(1-68 g., 39%). 





n 
j (c) p-Iodonitrobenzene. p-lodonitrobenzene (10 g.) was reduced in the same way except 
that the mixture was not steam distilled. The residue was extracted with ethanol, and air 
8 was passed through the extract for several hours to oxidize any hydrazobenzene. Dilution 
. of the extract with water gave azobenzene (2-50 g., 82%) that, recrystallized from ethanol— 
q benzene, had m. p. and mixed m. p. 67—68°). 
t The author thanks the National Research Council of Canada for financial assistance. 
e DEPARTMENT OF CHEMISTRY, ST. JOSEPH’S UNIVERSITY, 
‘ Moncton, N.B. CANnaDA. [Received, March 27th, 1961.] 
n * Unpublished results. 
f 5 Gore and Wheeler, J. Amer. Chem. Soc., 1956, 78, 2160. 
e 

835. The Formation of a Substituted Biphenylene by an Ullmann 
n 


Reaction. 
By J. F. Corsett and P. F. Hott. 
. For other work we required 2,2’-dibromo-4,4’-dimethyl-6,6’-dinitrobiphenyl. Yuan and 
Tsao? reported that treatment of 3-bromo-4-iodo-5-nitrotoluene with copper, in the 
absence of a solvent, gave 3-bromo-5-nitrotoluene as the only isolable product, but 
that in boiling nitrobenzene our desired biaryl was formed, though in poor yield. 
Kornblum and Kendall? recommended dimethylformamide as solvent for Ullmann 


1 Yuan and Tsao, J. Chinese Chem. Soc., 1935, 3, 358. 
2 Kornblum and Kendall, J]. Amer. Chem. Soc., 1952, '74, 5782. 
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reactions with reactive halides. Our experience with a variety of o-halogenonitro- 
compounds * prompted us to use it for the present purpose. 3,4-Dibromo-5-nitrotoluene 
with copper bronze in refluxing dimethylformamide gave in 6 hours none of the biaryl but 
yielded 40% of a dimethyldinitrobiphenylene with a small quantity of 3-bromo-5-nitro- 
toluene. Similar treatment of 3-bromo-4-chloro-5-nitrotoluene, but with refluxing for 16 
hr., gave only 6% of the biphenylene, and 85% of the starting material was recovered. By 
contrast, 3-bromo-4-iodo-5-nitrotoluene gave 58% of the biaryl, 2-5°% of the biphenylene, 
and 3% of 3-bromo-5-nitrotoluene. The biphenylene must be either the 3,6-dimethyl-1,8- 
dinitro- or the 3,7-dimethy]-1,5-dinitro-compound. 

The formation of a biphenylene under the conditions of the Ullmann reaction has not 
previously been reported, but Ward and Pearson * recently obtained a small yield of 
2,3:6,7-dibenzobiphenylene by the action of copper bronze on 2-bromo-3-iodonaphthalene 
in boiling dimethylformamide; they reported that similar treatment of o-bromoiodo- 
benzene gave only biphenyl. They suggested that a naphthyne intermediate was involved 
in the formation of their compound. The formation of a benzyne intermediate would 
explain the present results if it were assumed that its formation was slow compared with 
that of the biaryl by a normal Ullmann reaction, in the case of the more reactive iodo- 
compound, but fast in the case of the bromo- and chloro-compounds. In support it is 
noted that the biaryl is not an intermediate in the formation of the biphenylene derivative 
and that halogen atoms meta- to a nitro-group are normally unreactive under the conditions 
employed.? 2,5-Dibromonitrobenzene gives an excellent yield of 4,4’-dibromo-2,2’-di- 
nitrobiphenyl under these conditions (unpublished work). 


Experimental.—Dihalogenonitrotoluenes. 2-Bromo-4-methyl-5-nitroaniline,> in acetic acid, 
was added to a solution of sodium nitrite (1-1 mol.) in sulphuric acid. The resulting solution 
was poured into a solution of cuprous chloride in hydrochloric acid, cuprous bromide in hydro- 
bromic acid, or saturated aqueous potassium iodide. After 4 hr., water was added and the 
crude product was filtered off and recrystallised from ethanol. 

3-Bromo-4-chloro-5-nitrotoluene formed pale yellow needles (from ethanol), m. p. 60° (Found: 
C, 33-5; H, 2-1; Halogen, 45-7. C,H;BrClNO, requires C, 33-6; H, 2-1; Halogen, 46-0%). 

3,4-Dibromo-5-nitrotoluene formed yellow blades (from ethanol), m. p. 65° (lit., m. p. 
63—65°). 

3-Bromo-4-iodo-5-nitrotoluene formed orange-yellow clusters (from ethanol), m. p. 78° 
(lit., m. p. 82—83°). 

The Ulimann reactions. The following general method was employed. The 3-bromo-4- 
halogeno-5-nitrotoluene was refluxed with copper bronze (4 g.-atoms/mole) in dimethyl- 
formamide (15 ml. per g. of nitro-compound). The mixture was filtered while hot and the 
filtrate was concentrated and allowed to cool. The dimethyldinitrobiphenylene was filtered 
off and recrystallised from benzene. The dimethylformamide mother-liquor was poured into 
water, and the precipitate was filtered off, dried, and extracted with boiling benzene. The 
extract, on cooling, gave a further crop of the dimethyldinitrobiphenylene. The mother- 
liquor therefrom was evaporated and the residue was extracted with light petroleum to remove 
halogenonitrotoluenes. The extract was chromatographed on alumina, and the eluate set 
aside to crystallise. The material insoluble in light petroleum recrystallised from ethanol, to 
give 2,2’-dibromo-4,4’-dimethyl-6,6’-dinitrobipheny] and/or an orange oil. 

3,4-Dibromo-5-nitrotoluene (5-1 g.) gave, after 6 hours’ refluxing, 3,6(7?)-dimethyl-1,8(5?) 
dinitrobiphenylene (0-97 g.) as bright yellow needles, m. p. 302° [Found: C, 62-1; H, 3-67; N, 
10:-4%; M (Rast), 293. C,,H,)N,O, requires C, 62:2; H, 3-71; N, 10-4%; M, 270], Amax. 
(log ¢), 224 (4-6); 286 (4-0); 421 (3-93), and 3-bromo-5-nitrotoluene, m. p. and mixed m. p. 83° 
(lit., m. p. 83°). 

3-Bromo-4-chloro-5-nitrotoluene (4 g.) gave the dimethyldinitrobiphenylene (0-12 g.) and 
the starting material (3-5 g.), m. p. and mixed m. p. 60°. 


3 Corbett and Holt, J., 1960, 3646, and unpublished work; Braithwaite and Holt, J., 1959, 3025. 


* Ward and Pearson, J., 1961, 515; Pearson, Chem. and Ind., 1960, 899. 
5 Carlin and Foltz, J. Amer. Chem. Soc., 1956, 78, 1992. 
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rO- 3-Bromo-4-iodo-5-nitrotoluene (12-7 g.) gave, after 6 hr., the dimethyldinitrobiphenylene 
ne (0-12 g., 2-5%), 2,2’-dibromo-4,4’-dimethyl-6,6’-dinitrobiphenyl (4-5 g., 58%) m. p. 194—196° 
ut (lit., m. p. 195—196°), 3-bromo-5-nitrotoluene (0-25 g., 3%), m. p. 83°, and an orange oil. 
rO- THE UNIVERSITY, READING. [Received, April 26th, 1961.] 
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By ; . , . P 
1e, 836. The Reduction of Alkyltriphenylphosphonium Halides with 
8- Lithium Aluminium Hydride. 
. By S. T. D. GoucH and S. TRIPPETT. 
ad BAILEY and Buckler! have described the preferential removal of benzyl groups from 
me benzylphosphonium salts by reduction with lithium aluminium hydride, e.g., benzyl- 
Ln ethylmethylphenylphosphonium bromide gave ethylmethylphenylphosphine.? We have 
of been concerned with the relative ease of removal of alkyl and phenyl groups from phos- 
ld phonium salts, and have investigated the reduction with lithium aluminium hydride of 
th alkyltriphenylphosphonium halides. 
le. Reduction of alkyltriphenylphosphonium salts derived from primary alkyl halides, 
- t.e., [Ph,P*CH,R]*X~, with lithium aluminium hydride in tetrahydrofuran gave alkyl- 
ae diphenylphosphines in 50—60% yield. In dibutyl ether, the yields were rather better. 
- Reduction of the diphosphonium salt [Ph,P-(CH,],-PPh,]**2Br~ similarly gave the 
a; diphosphine Ph,P*(CH,],7PPh,. This is the expected course of the reduction if, by 
analogy with the attack of hydroxide * and alkoxide # ions, the first stage in the reduction 
is attack by hydride ion, or its equivalent, on the. positively charged phosphorus, with 
id, simultaneous or subsequent expulsion of that group most stable as the anion. The 
on preferential removal of benzyl groups is also accommodated by this mechanism. However, 
rO- reduction of phosphonium salts derived from secondary halides, 1.e., [Ph,P*CHRR]*X~, 
he gave triphenylphosphine as the major product, and this is not consistent with the above 
simple mechanism. 
d: Saunders and Burchman * showed that reduction of methylenetriphenylphosphorane 
with lithium aluminium hydride gave methyldiphenylphosphine (28% isolated as the 
P. methiodide), and it seemed possible that alkylidenephosphoranes were intermediates in 
1° the reduction of alkyltriphenylphosphonium salts, particularly as the reaction mixtures 
had originally the characteristic red colour of Wittig reagents. That this was not so in 
r’ the reduction of isopropyltriphenylphosphonium halides to triphenylphosphine was shown 
yl- by the reduction of preformed isopropylidenetriphenylphosphorane, which gave isopropyl- 
he diphenylphosphine. Similarly the benzylidenephosphorane could not be an intermediate 
ed in the reduction of benzyltriphenylphosphonium bromide, which gave 95% of tripheny]l- 
ito phosphine, for reduction of preformed benzylidenetriphenylphosphorane gave benzyl- 
n4 diphenylphosphine. 
ve Experimental.—All experiments were carried out under oxygen-free nitrogen. 
set Reduction of ethyltriphenylphosphonium bromide with lithium aluminium hydride. Ethyl- 
to triphenylphosphonium bromide (20 g.) was added in 15 min. to a stirred, refluxing, suspension 
of lithium aluminium hydride (1-5 g.) in tetrahydrofuran (200 ml.), and the suspension refluxed 
5?) overnight and cooled in ice. Methanol (20 ml.) was then added and the solvents were removed 
N, ander reduced pressure. Distillation of the residue gave ethyldiphenylphosphine (6-2 g.), 
—_ b. p. 129—132°/0-7 mm., characterised as the methiodide, m. p. (from chloroform-—light 
33° § petroleum) 182—183° (lit.,6 m. p. 181°) (Found: C, 50-7; H, 5-15. Calc. for C,;H,,IP: 
C, 50-6; H, 51%). 
nd 1 Bailey and Buckler, J. Amer. Chem. Soc., 1957, 79, 3567. 
* Bailey, Buckler, and Marktscheffel, J. Org. Chem., 1960, 25, 1996. 
4 8 Bladé-Fort, VanderWerf, and McEwen, J. Amer. Chem. Soc., 1960, 82, 2396. 
5. “ Grayson and Keough, J. Amer. Chem. Soc., 1960, 82, 3919; Parisek, McEwen, and VanderWerf, 
ibid., 1960, 82, 5503. 
5 Saunders and Burchman, Tetrahedyon Letters, 1959, No. 1, 8. 
® Michaelis and Link, Annalen, 1881, 207, 193. 
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Similarly, methyltriphenylphosphonium bromide and iodide gave methyldiphenylphosphine 
(50—60%), b. p. 120—122°/0-15 mm., characterised as the methiodide, m. p. and mixed m. p. 
(from water) 242—-243°; n-butyltriphenylphosphonium bromide gave n-butyldiphenyl- 
phosphine (54%), b. p. 140°/0-45 mm., characterised as the methiodide, m. p. (from chloroform— 
light petroleum) 172—173° (Found: C, 53-4; H, 5-6. (C,,H,,IP requires C, 53-1; H, 5-75%); 
and tetramethylenebis(triphenylphosphonium) dibromide gave tetvamethylenebisdiphenyl- 
phosphine, m. p. (from ethanol) 135—136° (Found: C, 78-4; H, 6-7. C,,H.,P, requires 
C, 78:8; H, 6-6%). 

Triphenylphosphine, m. p. and mixed m. p. 79—80°, was the only product isolated on 
reduction of isopropyltriphenylphosphonium iodide (41%), s-butyltriphenylphosphonium 
iodide (63%), and benzyltriphenylphosphonium bromide (95%). 

Reduction of isopropylidenetriphenylphosphorane with lithium aluminium hydride. To a 
stirred suspension of isopropyltriphenylphosphonium iodide (10 g.) in tetrahydrofuran (150 ml.), 
ethereal 1-15N-butyl-lithium (22-4 ml.) was added, followed after 30 min. by lithium aluminium 
hydride (1-5 g.). The suspension was refluxed overnight, then cooled in ice, and methanol 
(20 ml.) was added. Removal of solvents and distillation of the residue gave isopropyldi- 
phenylphosphine (24%), b. p. 145—147°/0-5 mm., characterised as the methiodide, m. p. (from 
chloroform-light petroleum) 225—226° (Found: 51-9; H, 5-4. C,,H. IP requires C, 51-9; 
H, 5-4%), and the phosphine oxide, m. p. and mixed m. p. 143°. 

A similar reduction of benzylidenetriphenylphosphorane gave benzyldiphenylphosphine 
(31%), characterised as the methiodide, m. p. and mixed m. p. 241°. 





One of us (S. T. D. G.) acknowledges a maintenance grant from the Department of Scientific 
and Industrial Research. 


THE UNIVERSITY, LEEDs, 2. Received, April 28th, 1961.] 





837. The Electron Spin Resonance Spectrum of 
‘CH(CO,H)-CH,°CO.H in y-Irradiated DL-Aspartic Acid Hydrochloride. 


By J. R. Row anps. 


THE analysis of the electron spin resonance spectrum of X- and y-irradiated L-glutamic 
acid hydrochloride has shown the dominant species was a radical which exhibited hyperfine 
interaction with only three protons.’ Of these three protons, one had the properties 
which are characteristic of an «-proton,*-4 the other two showing only slight anisotropy and 
principal values typical of 6-protons.*® 

In glutamic acid hydrochloride there are two possible ways in which such a radical 
may be formed. A hydrogen may be lost from the end remote from the amino-group, or 
the amino-group itself may be lost. The first possibility was suggested by Lin, McDowell, 
and Rowlands! in a preliminary note on the nature of the radical. In aspartic 
acid hydrochloride, however, these two méchanisms would give rise to distinct 
species. Loss of hydrogen from the carbon not bonded to the amino-group leaves the 
radical -CH(CO,H)-CH(CO,H)-NH,*Cl-, whereas loss of the amino-group would give rise 
to the radical -CH(CO,H)*CH,°CO,H. We show below that the second of these mechanisms 
gives rise to the dominant species in y-irradiated DL-aspartic acid hydrochloride. 

A single crystal was grown from a concentrated hydrochloric acid solution, and 
subjected to 5 megarads of y-irradiation of 1 Mev at the Spent Fuel Irradiation Unit, 
Harwell. The crystals are monoclinic, belonging to space group P2y,.,6 the unit cell 


1 Lin, McDowell, and Rowlands, J. Chem. Phys., in the press. 

2 Rowlands, unpublished work. 

3 McConnell, Heller, Cole, and Fessenden, J. Amer. Chem. Soc., 1960, 82, 766; Ghosh and Whiffen, 
Mol. Phys., 1959, 2, 285; Atherton and Whiffen, ibid., 1960, 3, 1, 103. 

* Pooley and Whiffen, Mol. Phys., 1961, 4, 81. 
5 Heller and McConnell, J. Chem. Phys., 1960, 32, 1535. 
®* Dawson and Mathieson, Acta Cryst., 1951, 4, 475. 
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containing four molecules. The spectra were recorded at room temperature on a super- 
heterodyne electron spin resonance spectrometer, operating at 9000 Mc./sec. Measure- 
ments were made every 15° by rotating the crystal about three orthogonal axes, which 
included the crystallographic b-axis of the crystal. 

As is the case in glutamic acid hydrochloride, more than one chemical species is 
produced by the irradiation. Heating the irradiated crystals removes, to a large extent, 
the second unidentified chemical species in both compounds. The present analysis refers 
to the dominant species after the irradiated DL-aspartic acid hydrochloride crystal had 
been heated for 5 hours at 165°. 


5OMc.|sec. 





Mod 
—_—t— 
H oe 


Petes. ee : 
—N\nnr 


Derivative of absorption spectrum of one orientation in which Hg is perpendicular to 
b-axis. 


The spectrum (Figure) obtained with the crystallographic b-axis perpendicular to the 
magnetic field contains seven lines, the central line having double the intensity of the 
remaining six. Analysis of the spectra obtained about the three axes was consistent with 
that of a radical showing the hyperfine interaction of three protons. One of these protons 
had the characteristic principal values and anisotropy of an a-proton, the other two showed 
the very little anisotropy typical of 8-protons, and in the present analysis were assumed to 
be isotropic. The principal values of the «-proton tensor and the isotropic $-proton inter- 
actions are shown in the Table. Because of the overlapping species they are less accurate 
than those for the same chemical species in y-irradiated succinic acid. However, the 
8-couplings of 116 and 68 Mc./sec. are somewhat different from the 100 and 80 Mc./sec. 
found for succinic acid,* which is consistent with a rather greater angle of twist of the CH, 
group with respect to the free-radical plane in the aspartic acid host crystal. Since the 
detailed crystal structure is not known, no correlation can be made with the directions of 
the principal values of the «-proton tensor. 


Coupling tensors in Mc/sec. 


Principal Isotropic Anisotropic 
values component component 
(—) 90 (—) 27 
BD | siitkiccuhinesiecendracnsacmaubcetinssbimiinkas (—) 60 (—) 63 (+) 3 
(—) 39 (+) 24 
BA dneiedssdiyscccdansecwubuioimauiesntuctanneen + 68 
RE sheen cbtpoiyewncnneenesauoncaneiadmeeiaat + 116 


The radical is evidently formed by loss of the amino-group. In the assignment of the 
glutamic acid radical! this possibility was not considered. It now seems from the 
similarities in behaviour of the two compounds that it cannot be excluded. 


The writer thanks Dr. D. H. Whiffen for helpful discussions and Miss B. Curran for running 
the spectra. 


3asic Puysics Division, NATIONAL PHysICAL LABORATORY, 
TEDDINGTON, MIDDLESEX. (Received, May 3rd, 1961.) 
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838. Condensation of Phenacyl Thiolsulphates with Diazonium 
Salts. 


By BRIAN MILLIGAN and J. M. Sway. 


In a search for further dyes rendered soluble by the -S:SO,Na group,! we have coupled 
several diazonium salts with S-phenacyl and S-4-bromophenacy] thiolsulphate, obtaining in 
most cases the S-«-arylazophenacyl thiolsulphates (I).* Most of these esters decompose 
readily in boiling water to the disulphides (II). In one case, (I; R= R”’ =H, R’ = 
CO,Na), the thiolsulphate was unaffected by this treatment, but in another the thiol- 
sulphate was so unstable that only the disulphide (II; R = Br, R’ = H, R” = NO,) was 
obtained from the coupling reaction. 


RY p — ~ RY RY for pr 
R ing R' 2 
(1) 


NaO,S-S 
(II) 


The a-arylazophenacyl thiolsulphates and some of the corresponding sulphonates 
were examined as dyes for wool, but showed little commercial promise. 


Experimental.—Sodium S-4-bromophenacyl thiolsulphate. A mixture of 4-bromophenacyl 
bromide (14-5 g.) and sodium thiosulphate pentahydrate (13-0 g.) was heated under reflux in 
50% aqueous ethanol (150 ml.) for 30 min. On cooling, the product (17-0 g., 98%) crystallized 
as colourless plates, m. p. 165° (decomp.) (Found: C, 28-5; H, 2-4; S, 18-8. C,H,BrNaO,S, 
requires C, 28-9; H, 1-8; S, 19-2%). 

Sodium S-a-phenylazophenacyl thiolsulphate. Aniline (0-93 g.) was diazotized in the usual 
way, and the resulting diazonium solution adjusted to pH 6 and added with stirring to a solution 
of sodium S-phenacyl thiolsulphate ** (2-54 g.) in M-phosphate buffer (pH 7; 50 ml.) at 0°. 
The pH of the mixture was maintained at 7 by addition of alkali. After 30 min. the product 
was filtered off. After rapid crystallization from water the yield was 3-15 g. (88%) (Found: C, 
43-6; H, 3-6; N, 7-1; S, 16-6. C,,H,,N,NaO,S,,2H,O requires C, 42-6; H, 3-8; N, 7-1; 
S, 16-3%). The same product was obtained by using a large excess of diazonium salt. 

The following compounds were prepared similarly in good yield: 

Disodium S-a-(o-carboxyphenylazo)phenacyl thiolsulphate, yellow needles (from aqueous 
ethanol) (Found: C, 41-4; H, 2-9; N, 6-2; S, 14-8. C,;H,)»N,Na,O,S,,3H,O requires C, 41-6; 
H, 2-6; N, 6-5; S, 148%); sodium S-a-(p-chlorophenylazo)phenacvl thiolsulphate, yellow needles 
(from ethanol) (Found: C, 42-5; H, 2-9; N, 7-0; S, 16:2. C,,H,CIN,NaO,S, requires C, 
42-8; H, 2-6; N, 7-1; S, 163%); sodium S-(4-bromo-a-phenylazo)phenacyl thiolsulphate, yellow 
plates, m. p. 206—209° (decomp.) (from ethanol) (Found: C, 36-4; H, 3-4; N, 5-8; S, 13-7. 
C,,H,)BrN,NaO,S,,H,O requires C, 36-9; H, 2-7; N, 6-1; S, 14-:1%). 

Reaction of 4-bromophenacy] thiolsulphate with p-nitrobenzenediazonium fluoroborate gave 
di-(4-bromo-a-p-nitrophenylazophenacyl) disulphide (II; R= Br, R’ = H, R” = NO,), m. p. 
204° (from acetic acid) (Found: C, 44-7; H, 2-6; S, 8-5. C,,H,,Br,.N,O,S, requires C, 44-3; 
H, 2-4; S, 8-5%). 

Two other disulphides were prepared by heating aqueous solutions of the corresponding 
thiolsulphates on a steam bath for 30 min.: di-(«-phenylazophenacyl) disulphide, yellow prisms, 
m. p. 177° (from butan-2-ol) (Found: C, 65-8; H, 4-4; N, 10-6; S, 12-0. C,,H,.N,O,S, requires 
C, 65-9; H, 4:3; N, 11-0; S, 12-6%); di-(a-p-chlorophenylazophenacyl) disulphide, yellow 
prisms, m. p. 175° (decomp.) (from butan-2-ol) (Found: N, 9-4; S, 11-2. C,,H,9Cl,N,0,S, 
requires N, 9-7; S, 11-1%). 

Sodium «-o-carboxyphenylazoacetophenone-w-sulphonate. This product, obtained by coupling 


* These products can also be formulated as hydrazones. 


Milligan and Swan, Textile Res. J., 1961, 31, 18. 

Wiley and Jarboe, J. Amer. Chem. Soc., 1955, 77, 403. 
Baker and Barkenbus, J. Amer. Chem. Soc., 1936, 58, 262. 
Milligan and Swan, /J., 1961, 1194. 
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o-carboxybenzenediazonium chloride with sodium acetophenone-w-sulphonate,® had m. p. 250— 
255° (decomp.) (from water) (Found: C, 44-7; H, 4:0; N, 6-8; S, 81. C,;H,,N,NaO,S,2H,O 
requires C, 44-3; H, 3-7; N, 6-9; S, 7-9%). ; 
Sodium «a-p-chlorophenylazoacetophenone-w-sulphonate, prepared similarly, crystallized 
from water as yellow needles, m. p. 230° (Found: C, 45:8; H, 3-3; N, 7-4; 5S, 9-0. 
C,,H,,.CIN,NaO,S,4H,O requires C, 45-5; H, 3-0; N, 7-6; S, 8-7%). Parkes and Tinsley ° 
have described the free acid. 
e DIVISION OF PROTEIN CHEMISTRY, 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANIZATION, 
MELBOURNE, AUSTRALIA. (Received, May 8th, 1961.]} 


5 Parkes and Tinsley, J., 1934, 1861. 





839. 3-Acetylindole. 
By G. Hart, D. R. LILJEGREN, and K. T. Ports. 


3-ACETYLINDOLE is prepared by the mild alkaline hydrolysis of 1,3-diacetylindole which 
is available from the reaction of indole with boiling acetic acid—acetic anhydride.1_ Under 
these conditions the formation of highly coloured, soluble by-products makes complete 
1 purification of the final product tedious and greatly diminishes the overall yield (ca. 44%). 

These coloured impurities are probably aerial oxidation products of indole. The 
addition of a small amount of vinyl acetate to the reaction mixture and the omission of 
. acetic acid completely eliminate the undesirable side reactions so that, from the resulting 
1 golden-yellow (a good indication of the completeness of the reaction) mixture, 3-acetyl- 
a indole is isolated directly in consistent yields of 66%. Vinyl acetate probably does not 
> react with the indole nucleus itself, as the addition of styrene has a similar effect. The 
ot simplest explanation is that these two compounds absorb all the oxygen from the solution 
Y» and so prevent oxidation. This occurs by thermal polymerization of these vinyl monomers 
(reaction is at 130—136°) to free radicals that rapidly remove all traces of oxygen from 
solution. This observation should be of use also in preventing undesirable oxidation in 
other indole systems. 


Experimental.—Acetic anhydride should be purified by distillation. Adherence to the 
following conditions results in reproducible yields. x 
’ Indole (17-5 g.), acetic anhydride (160 ml.), and vinyl acetate (10 ml.) were heated together 
under reflux for 15—20 hr., the solution becoming golden-yellow. The solvent was removed, 
the last traces im vacuo. Ethanol (140 ml.) and 2N-sodium hydroxide (70 ml.) were added to 
the pale yellow, crystalline residue of 3-acetyl- and 1,3-diacetyl-indole. After a few minutes, 
the insoluble material was filtered off (3-68 g.; m. p. 233—-234°) and identified as 1-3’-indolyl- 
1-3’’-indolylidene-ethane by mixed m. p. determination and comparison of its infrared spectrum 
with that of an authentic specimen.4 Addition of water to the filtrate precipitated 3-acetyl- 
indole that crystallized from ethyl acetate (charcoal) as very pale fawn columns (15-8 g., 66-5%), 
8 ; m. p. 190—191°. An analytical sample crystallized from a large volume of benzene as colour- 
5 less needles, m. p. 190—191° (lit.,1 m. p. 190°) (Found: C, 75-3; H, 5-7; N, 9-1. Calc. for 
“ C,sH,NO: C, 75-5; H, 5-7; N, 8-8%). The infrared spectrum was identical with that of an 
authentic specimen. 
2 Replacement of vinyl acetate by styrene gave the same overall effect. After the addition 
of the alkali, the insoluble material was extracted with warm benzene, the extract clarified 
(charcoal), and polystyrene (0-45 g.) precipitated with methanol. After further purification 
by partial precipitation from benzene solution, the infrared spectrum of this material was 
identical with that of authentic polystyrene. The residue from the benzene extract was 


; 1 Saxton, J., 1952, 3592. 
; 2 Barnes, J. Amer. Chem. Soc., 1945, 67, 217; Barnes, Elofson, and Jones, ibid., 1950, 72, 210. 
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identified as 1-3’-indolyl-1-3’’-indolylidene-ethane. 3-Acetylindole was isolated in 66% yield 
as above. 


DEPARTMENT OF ORGANIC CHEMISTRY, UNIVERSITY OF ADELAIDE, 
SouTH AUSTRALIA. [Received, May 8th, 1961.] 





840. Application of Hudson’s Lactone Rule to Hydroxypipecolic 
Acids; an Anomaly. 


f 


By J. W. CLrarK-LEwis and P. I. Mortimer. 


ACCORDING to Hudson’s lactone rule the molecular optical rotation difference (A value) 
for lactone minus hydroxy-acid is positive when lactones have the configuration (I; ” = 
2 or 3),! and this rule was recently cited by us ? in confirmation of the absolute configur- 
ation of the (+-)-c#s-lactone (II) (A positive) obtained by the action of acetic anhydride on 
(—)-trans-4-hydroxy-L,-pipecolic acid (III). Application of the rule here depends, how- 
ever, upon arbitrary choice between the new rings created in forming the lactone, namely 
the five-membered ring (IV) and the seven-membered ring (V). Selection of the five- 
membered ring (IV), as proposed for bridged-ring lactones derived from certain carbocyclic 
hydroxy-acids,! would lead by the rule to the cis-1,-configuration; but selection of the 


Cc OH 


¢ 

\ 
oO 

/ 


seven-membered ring (V) leads to the cis-D,-configuration (II). The latter configuration 
was assigned to the lactone (II) on other grounds,” so that in applying Hudson’s lactone 
rule to cis-4-hydroxy-D,-pipecolic acid it is evidently necessary to refer configuration to 
the nitrogenous ring. The present case therefore differs from czs-4-hydroxy-L,-proline 
and cis-5-hydroxy-L,-pipecolic acid * as the configurations of these two acids, which also 
have positive A values, are correctly derived by reference to the non-nitrogenous ring. 

Oxidation of (—)-tvans-4-hydroxy-L,-pipecolic acid (III) gives the oxo-acid (VI) which 
on reduction gives (—)-cis-4-hydroxy-L,-pipecolic acid.2* 1,-Pipecolic acid is also formed 4 
during hydrogenation of the oxo-acid (VI), which supports the corfigurations assigned 
to the 4-hydroxypipecolic acids, and we conclude that Hudson’s lactone rule is at present 
an unreliable guide to the configurations of bridged-ring lactones containing nitrogen. 


We gratefully acknowledge helpful discussion with Professor W. Klyne, Westfield College, 
University of London. 


UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. (Received, May 8th, 1961.) 


1 Klyne, Chem. and Ind., 1954, 1198. 

* Clark-Lewis and Mortimer, /., 1961, 189. 

3 Witkop, Experientia, 1956, 12, 372. 

‘ Vanderhaeghe and Parmentier, J. Amer. Chem. Soc., 1960, 82, 4414. 
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